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PEEPATORY NOTE. 


The motive which hae led to the preparation ef this 
little work is expressed in the following resolution 
of the Senior Board of Examiners in Acts of the Cal- 
cutta University for the year 1872-73 : — “ That in the 
opinion of this Meeting it is very desirable that 
elementaiy text-books, treating of the Natural Sciences, 
be prepared specially for teaching these subjects to 
Indian students. The text-books now available, 
though excellent of their kind, having been prepared 
for English boys, deal more especially with objects 
familiar or common in Europe, and have but few 
references to such as ai'o ’interesting and familiar to 
the Indian learner. This want is more especially felt 
in teaching such subjects as Zoology, Geology, and 

physical Geography. . . . • The 

l^tiiig js of opinion that the oxtSnsion of Physical 
Science teaching in India would be greatly facihtated 
with [the aid of works specially adapted for local 
teaching].” The concluding chapters give, I believe, 
the only popular description that has yet appeared of 
the geology and climate of. India. In the pr^ara- 
tion of the former, I am indebted to Messrs. H. B. 
Medlicott and R. B. Foote, of the Geological Survey, for 
valuable corrections up to date. 
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WflAT PHYSICAL GEOGRAPHY 18 ABOUT, AND HOW TO LEARN IT. 

Before we enter systematically on the study of Physical 
Geography, let us try to gain a general idea of the kind of 
knowledge to which this name is applied. %To do so we will 
take a scene that must be familiar to most of those whom 1 
address. After some rainy morning in July or August, I 
will suppose you to take your stand on the bank of the river 
that flows by your village, and, perhaps, in mere listlessness, 
watch the turbid flood swirling past. The chur opposite, 
which the river left dry when its waters fell at the close of 
the last rainy season, and which till lately was covered by 
a rich green crop of Indigo or bright yellow mufetard, 
is now more than half cut away and buried beneath the 
waters ; and the steep bank which the stream has cut along 
the part not yet submerged, is rapidly giving way, and 
masses, many times larger than the house you live in, 
i'rom time to time detach themselves, and falling, are swal- 
lowed up by the deep muddy stream. Has it ever occurred 
to you to ask yourself whi these things are as you see them ? 
You have probably witnessed the same kind of thing scores 
of times, and you may perhaps think that there is )iothing 
very interesting in this swelling and shrinking of the river, 
in its heaping up churs and again destroying them, iu 
the waters hurrying:^ always in one direction and never 
returning on their course. You know that the same thing 
is repeated year after year, and expect that if you live fifty 
years and come back to the spot you now stand on, the scone 
before you will be just the same as that which you gaze on 
to-day. But now consider a little. On thinking the matter 
over, you may recall to mind that the chur that is now 
so rapidly disappearing before your eyes was not in exactly 
the same place^* nor was it so large as that which, in a 
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it replacwl, and which you lememhei two 
cover, that the stieam, which, during the 
nthu, separated it from the bank you stand 
g this last season, deeper than that which 
cn them in the cold weather of the }eai 
if you ask the old people of the village, they 
wnT,"prhaps, tell you that, thirty or forty years ago, the 
liver itself was a moderate si/ed khall, and that the old 
river channel, seven or eight milts off, whuh is now littU 
more than a string of pools, was at that time a well-filled 
river, which could scarce bo ciossed without a boat even in 
the dry weather Such things happen constantly lu Bengal 
Pei haps this may hav e aroused your curiosity, and you btgin 
to cnquiic of people who have come fiom other paits of tin 
countiy, whcthoi they have known such changes elsewhere 
Among otlieis, you question some one who for many yeai^ 
lived in the Maimansing, Dhaka oi Bograh Distiut, and yon 
learn fiom him that it is well known to the people of thosi 
dibtuets, that, about iii\ty oi seventy years ago, the Brahma- 
putia, which up to that time liad flowed past Maimausmg and 
a long way to the east of Dhaka and of the high Madhapui 
jungle to the iioith of it, changed its conise, and has evei 
hinco flowed to the west of the Madhapui ]iingle, and a long 
way west of Dhifka, joining the Ganges at Goaluudo, where 
the lailway now teiminates home one tlsc — it may be from 
Rangphr — tells you that, at a somewhat eailiei date, tin 
Tista, a laigc iivei fiom the iliimilaya, which used to flow 
Nouthwaids into the Ganges at Jaffirganj, m 1787 suddenly 
changed its couise and opened out a new channel to thi 
eastwaid , in which it has since flowed, joining the Brahma- 
putia above Divangnnj 

These are not more vague tiaditions; they aic well 
established histoiical events. Old maps exist, which were 
drawn before these changes took place, and they show that 
l^ese nvers then flowed ns I have told you ho you see 
that the changes which you may have noticed youisclf in 
the stream at your feet, or which have been witnessed bj 


persons whom you see daily, are but small examples of 
much greater permanent ohanges which a liftle enquiry will 
eaid>le yon to learn abont« But we have a ^reat deal more 
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to learn from tlie river before you. You can 90 e that the 
water is very muddy ; before it is tit to drink> ycii nu^t let 
it stand for some time. Fill a clean pot wiffr, ibis muddy 
water, and let it stand undisturbed. In the course of a .few 
hours, you will find a layer of earthy matter at the boMcmt 
of the pot, very much like the loam of the fields aroiuid,^ 
but the water must stand for several days before it is quite 
clear, and then you will find n thin layer of very fine mud 
or clay that has settled down on the top of the coarser 
sediment.* This it is, that was mixed with the water and 
made it so thick and turbid; and you can see that the 
water of the whole river is just as muddy as that with 
which you filled your pot. Your o'^n experiment has 
shown you that the water must stand quite still to become 
clear, and that even then it takes a long time to do so. 
Hut the water of the river is all in motion, and being 
unable to deposit its mud, carries it down with it to 
the sea. What becomes of it there we shall learn afterwards, 
but in the meantime it may occur to you to ask where 
it all comes from, and what must happen if the same thing 
goes on year after year, as you know it does. The first 
(piestion is soon answered. Turn to the little streamlet or 
drain a few yards off, that is still nmning rapidly, carrying 
away the rain water that has fallen iif the morning, and 
which is a great deal dirtier than that of the river. You 
know that when the rain fell, the water was pure and clean, 
for perhaps you may have, had your clothes wetted by it, 
but it only wetted, and did not dirty them. Clearly then 
the mud and dirt with which the water of that little drain 
is so highly charged has been carried away from the land; 
and the same thing is trun of the swollen river. All that 
great body of water was rain a few hours, days, or weeks 
ago, and having fallen on the ground, has gradually col- 
lected in little channels and drains like that beside youic 
and as these joined together, they formed at first smalt 
streams, then larger streams, and lastly a river, •All the 
mud and dirt that it contains has been washed off the 

• This is what is called an ea^pen'mcftl, and what I sappose Vou te 
have been watching^ an obterpaUon, It is by these two meloods that sjl 
our knowledge of n|tiir« baa beta gained. 
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land, and w beinpf carried down to tlic sea, and there are 
no rivers running back from the sea to bring it back to the 
land. Is Ac land thc^ always being washed away 
into the sea ? Yes, at all times. Every river is doing its 
work of destruction ; but it is not all destruction. You may 
learn from the cultivators about you, that some neighbouring 
jhll is being gradually filled iij) by the earth settling 
down from tlie water that overflows into it from the river 
at each flood ; and year by year some little piece of it that was 
formerly too deep under water to be cultivated, is reclaimed 
and added to the rice lands around its margin. We shall sc*‘ 
])resently that the^wliole of the broad rice-fields of lower 
Bengal have been actually formed in this way. It is a very 
alow process. It must have taken many thousands 
of years for all Bengal to be fonued by the mud settling 
from the rivers ; but we shall find presently that the ground 
(ontains the evidence of its own histoiy, a history which 
we may read by simply continuing to obscr\’’o, and to reason 
on what wo observe, in the way that 1 have now shown 
you ; and thus wo learn that all the great plains of. Bengal 
must at one iiim* have been occupied by the sea, and that 
this sea has been gradually filled up by the sand and mud 
brought down by the rivers. 

We will now leatc for a time this story of the makfng 
and destruction of land by the river, and will turn our 
attention to the water. Wliat makes the river flow always 
one way, and why is it so full at a particular season of the^ 
year, and low at other times ? We shall find the answers 
to tliose quest i(]^i8 not less interesting as that which wo 
have already amved at. In the first place, a very little 
observation will show you that water will not run up-hill. 
If a cultivator wants to water his crops from some neighbour- 
ing pool or well, he must make a channel that is a littb* 
iiigher at the end where the water is poured into it than when* 
it delivers it on his field ; and by means of a paicottah, or a 
scoop, h6 must raise the water from the pool, and pour it into 
the higher end of the channel. The more his channel slopes, 
the faster* does the water run down it. Now what is tnie 
of his little water-channel is equally true of the river. 
To your eye the surface of the river appear} level, but that 
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is only because it slopes so little, that your eye cannot 
distinguish the slope from the real level of a jliil^ If you 
go down the Hilghli in a boat fron? Barhampdr, 
or Miirshidabad, to Sagar Point, at every part of your 
journey the water-surface will seem to be as level as 
that of the river before you ; but we know from measurements 
very carefully made by surveyors, that in this journey yon 
have really gone down a slope, such, that at the end of it, you 
would be about 60 feet lower than when you started. In 
like manner if you were to start in a boat from Ban ares 
to travel to Dacca, the water would seem to be quite level 
from first to last ; but actual mcasurerqent shows that yon 
would have descended about 240 feet ; and had you ended 
your journey at Mungher, you would then have descended 
more than 100 feet without being^ in the least aware of it. 

The river flows then always in the same direction because 
it flows down a slope, but the slope is so gentle that it is 
necessary to use a very delicate instrument termed a level 
in order to measure the fall. The force that makes th<? 
water flow is the same that makes a stone fall back to the 
ground when you throw it into the air, and is called gravi- 
tation. We shall have much to say of this force presently. 

If you have clearly understood wJiat I have said so far, 
yoiir own r^son will tell you that the waler must be raised 
by some means or other to the place where the river begins. 
To explain how this is accomplished, we will have recourse 
Jlo another very simple experiment. Take a shallow dish 
which must be such that water cannot soak into it. Pill it 
with water and let it stand in the open air^ where it will not be 
disturbed. If the weather is fine it will slowly disappear ; 
and in the course of a 'day or two it will be all gone, and the 
<lish will be dry. It has all gone into the air ; you cannot see it 
because it has become a part of the air, and has assumed 
the state which is termed vapour. The air always contain 
some of this vapour, which it gathers from the surface of 
the sea, the rivers, and indeed wherever there i/ water. 
Most of it comes from the sea, which is always evaporating 
or giving off vapour under the heat of the- sun; and this 
vapour is carried by the winds to places, a long way from 
where it was proHuced. Much of it is carried to the land. 
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and sometimes, as between Jane and September, when the wind 
l)low8 steadily and strongly fVom the sea, it is carried far 
into the interfor. But it does not always remain vapour. 
You may often observe, a few hours after sunrise, when the 
sky has been quite clear from cloud during the morning, 
that clouds with rounded tops and flat below gradually 
make their appearance, not visibly coming from anywhere, 
but fonning high up in the air. Now these clouds are the 
vapour of the air again converted into water, and although 
they sometimes disappear again by re-evaporating as the 
day wears on, at other times they get gradually thicker 
and darker, and at last send dowm a sliower of rain. It is 
then from the vapour which is carried in the air that rain 
is formed, and wc have already seen that it is the rain water 
that collects to form rivers. 

Let us now stop for a moment, and recapitulate what 
we have learned. The sea furnishes* vapour to the air, just 
as, on the small scale, a dish of water will do if left stand- 
ing, The vapour is carried away by the winds, which are air 
in motion, and being reconverted into water in very minute 
ilrops forms clouds; the clouds, when very thick, furnish the 
rain, which is merely tliose very minute drops uniting together 
to form larger drops ; the rain runs off the land, carrying 
with it particles oT mud and sand, and then^collects’ in 
sti’eams and rivers, which are turbid with the materials 
brought into them by the drainage water. These flow 
down the sloping surface of their beds into the sea, con-, 
stantly carrying thither portions of the solid land, which 
are never brought back with the evaporated water. At 
the same time when rivers overflow their banks, and fill 
jhlls and places where the water is still, seme of this earth 
settles down and forms new land ; but, after all, this is 
very little in comparison with that which is carried away. 
The rest sinks gradually to the bottom of the sea, and if 
there were no new land formed, by some power which we 
' have nbt yet spoken of, in the course of time all the land 
would be carried away ; first the mountains and hills, which 
are wasted more rapidly than the plains, and finally the 
plains themselves. But there is such a p^wer, as we shall 
find out somewhat later on, though its fiction is not so 
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readily to be observed as the familiar changes produced by 
the rain and the rivers ; and it will be better to defer its 
consideration until wc have made some further progress in 
our knowledge of more familiar things. 

You will now be prepared to give a partial answer to the 
question. Why is the river so full during a part of the year, 
and so low at other times? You know that its fulness 
depends on the quantity of rain that falls, and that rain 
falls much more abundantly from June to Heptember than 
during the remainder of the year. But this answer only sug- 
gests other questions. For we have to ask the very similar 
question, why does the rain fall more abundantly at one 
season than another ? and if wc further reply, because the 
wind then blows from the sea, which furnishes abundance of 
vapour, while during the dry cold weather it blows from the 
land where there is very little water to furnish vapour, both 
of them facts that a little observation will show us to be true, 
the change of the winds still remains for explanation. This 
too may be explained as we shall see, but not in a few words, 
nor without a great deal more observation than wo have yet 
given to what is going on around us. 

Now observe what a number of interesting enquiries have 
been suggested by a few observations, though tfully made, 
on things so familiar to you, that perhaps you have never 
yet thuu^it there is anything to be learned from them. 
They have led us on to the strange and unexpected conclusion 
that the very land on which wc live is gradually wasting 
away, and since there is so much land still left to live on, 
it seems probable that there must be some means by which 
new land is fonned; but what those means are we have not 
yet learned. We have learned, too, that even the variable 
winds show some regularity, since they blow from one quarter 
during a part of the year, and from anotlier quarter at another 
season, but we have yet to leani what is the cause of this 
regular change ; and we have also to learn how clouds are 
fonned from invisible vapour. 

But the most important lesson that you will have gained, 
if you have, as I suppose, really seen and thought over what 
I have described, and have not been idly contented with 
reading what ^ have written, will be this; That the best 
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of all ]^inds of knowledge is to be gained, not from what is . 
written in books, but by watching what takes place around 
you, thinking over what you see, and whenever you can, 
resorting to experiment, to decide something or other which 
observation alone has not sufficed to explain. All the 
knowledge we have of nature has been gained by these two 
methods, observation and experiment ; and the chief use of 
books is to tell you of what you cannot see for yourself, but 
which others have seen, and to show you how others have 
thought and enquired about these things, so that you may 
follow their example. 

You will now have gained some idea of what is meant 
by Physical Geography. It is the story of the changes that 
go on, and are always going on around us in this world of 
ours. It teaches us, as far as such things can be explained, 
why the world is as we see it. Not indeed why it exists, 
any more than it teaches us wliy wo ourselves exist. Such 
questions cannot be answered by any science. But it will 
teach us that every change that we see in progress goes on 
regularly, however in’ogular it may seem at first sight, 
and that everything is subject to change. Moreover that 
iiotliing takes place without a cause. When we have found 
out an explanation, and found that it is always, true, such as 
that which we airived at a short time ago, viz,, that rivers 
are fed by rain, and always flow down a slope towards the 
sea, or that land is wasting away and is somehow renewed, 
we call it a natural law, and the object of Physical Geography 
is to find out what are the laws according to which changes 
take place around us. 
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THE EAKTH AS A PLANET. 

Those of my readers who live in Miildali, Pumia, or 
the northern paH of Bhdgalpdr, on looking to the north 
some fine October morning, may have noticed along the 
horizon (that is, where the land seems to end and the sky 
to begin), a line of bright white mountain tops glistening in 
the morning sun. They are the snow-covered crests of the 
Himalaya. Viewed from so great a distance, it is hard to 
believe that they are of the great height that wo know 
them to have; for the snow does not lie much below 16,000 
feet, or at a height of nearly three miles above the level of 
the rice-fields from which I suppose them to be seen. But 
a great part of the lower slopes of the mountains are hidden 
by the seemingly level plain on which the observer stands. 
This may seem strange ; but it is only an example of a very 
familiar kind of appearance, from which we learn that the 
earth we live upon is really not flat' but a globe or ball ; but 
which is ISO largo, that so much of it as we can see at any 
one time seems to be flat. Tlie surface of the sea, when 
calm, is much smoother and apparently flatter than the rice- 
fields of Bengal ; Jind here it may be seen almost daily, that 
distant objects, ships for instance, are partly hidden by its 
really curved surface. Wlien the man on the look-out, at 
the mast head of a vessel, first descries a distant steamer, 
he probably sees nothing but the smoke. Presently, as it 
draws nearer, the tops of the masts seem to emerge from the 
water on the horizon. Then they rise higher and the funjiel 
appears, and lastly the hull of the steamer comes into sight. 
It does not matter from what direction the steameB comes, <-«- 
north, south, east, or west, — the several parts of the steamer 
come into sight successively in the order I have mentioned, 
the highest parts first, the lower last. Now if the earth 
were really flaifc, this would not be the case. The steamer 
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would at first seem a mere speck in the far distance, and as 
soon as its parts could be made out distinctly, 
the hull would be seen as well as the masts 
and funnel. .The annexed diagram will help 
to make clear the above description of what 
is actually seen, and how from it we learn 
that the world is round, o is the obsen^er 
at the mast head, a the sea, h the horizon 
that bounds the visible part of the sea-sur- 
face, and at the distant steamer. I must 
however observe that in comparison with 
the curvature of the earth, the size of these 
vessels is greatly exaggerated in the figure ; 
in reality, if only the tops of the steamer’s 
masts were seen by the observer at o, the 
two vessels must be many miles apart. 

The moon is a globe like the earth, but 
not so large. With a telescope we can see 
that she has the appearance of a ball. We 
are all familiar with the changes in her 
appearance, which are called her phaaes; liow 
from a naiTow crescent of light she grows 
to a semicircle and thence to a full round. 
If \fe take a ball of white clay and hold it 
before a single lamp, so that only one side 
is illuminated, then, looking at it successively 
from every side, it will present a series of 
appearances very like those of the moon. 
If wo could stand on the moon and look at 
the earth, our earth would look very much 
like the moon as we see it, (except that 
it would appear much larger) and would go 
through a similar series of changes, because 
both the moon and the earth are illuminated 
in the same way by the sun. But sometimes 
when the moon is full, the earth passes 
between her and the sun, throwing a shadow 
on her illuminated surface, just as a second ball will do if 
interposed between the lamp and the white ball that it 
illuminates. Now this shadow is always ground, such a 
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shadow as a ball casts on a white wall ; it is rmnd, which- 
ever face of the earth is turned towards the moon, and 
since a ball is the only form of body that always throws a 
round shadow and no other, this again assures us that the 
earth is a ball. 

I might easily multiply proofs of the roundness of the 
earth were it necessary, but since om complete proof, such 
as the shape of its shadow, is really all that wo need, 
perhaps it will be more useful if we now consider the matter 
jind see if there are no difficulties to be met. One difficulty 
will perhaps occur to some of my readers. If the earth bo 
a ball, it will be readily understood that those who live 
on the top should remain standing, but it will be asked, 

* do people live on the other side of it, and if so why do 
they not fall off ? ’ Now it is unquestionable that people do 
live on the other side of the earth, viz,, those who live in 
Peru and Chili in South America, for when it is about mid- 
night with us and everything is dark and quiet, it is a little 
afternoohday with them, and the sun is shining brightly over 
their heads. So too, when a telegraphic message is sent to 
America, which, with a little preparation beforehand, luay 
be done so quickly that it reaches America almost at the 
same instant of time that it leaves. Calcutta ; if it is sunset 
when the^ignalling clerk in Calciitta ft sending the message, 
it is sunrise in America to the clerk there who is receiving 
it. Again, ships often sail right round the world, going 
always to the east, and yet returning to the port from which 
they set out. Yet those who live in America, and the 
sailors in a ship sailing round the world, see the earth 
or water at their feet, and the sky above them, just as 
we do, and they stand as firmly ; and if one of them throws 
a ball into the air, it falls back again to the ground just 
as it does here. This is perhaps, at first, not very easy 
to understand ; but we may understand it, if we only think 
what we really judge by, when we speak of throwing a 
ball up and of its falling down. We really refer up and 
doum to the position of our own bodies as we stand ; and we 
call the direction in which our heads point, upwards, and 
that in which our feet point, downwards. And since 
Americans sfjind just as we do, that which they call up is 
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almost* identically the same direction in space that we call 
ilovm. Consequently when a ball is thrown up into the air 
in America, it moves away from the earth, in almost the 
same direction as another which* is falling towards the earth 
in Bengal. With a large ball before him to represent the 
earth, such as a JCadUj or a common round earthen pot with 
the neck knocked off and filled with clay, rounded off at the 
top, if a terrestrial globe be not at hand, to represent the 
earth, my readers may, with a little thought, realize these 
facts to their mind. And when they have clearly realized 
them, they will have gained an important step in knowledge, 
viz,, that all we know about upwards and downwards is the 
direction judged of by our own position in standing. 

This much being clearly understood, we have yet to 
explain why a ball always falls to the earth, and why we 
stand firmly on it, when our heads point in one direction 
and those of the Americans in a direction almost exactly 
opposite. This is because ilie earth, or globe, on which we ^ 
live, attracts or draws everything towards it. And not only 
does the earth do this, but everything that we can see and 
handle, everything that has weight, does exactly the same. 
ITie ball that falls to the earth attracts the earth towards it 
in the same way that it itself is attracted by the earth, 
but the strength of the pull exerted by each is in woportion 
to its size and its intrinsic heaviness, since a ball of lead 
exercises a stronger pull than a ball of cotton of the same 
size. Now the earth is enormously large, the ball very 
small indeed ; and therefore to our senses, the ball seems to 
be the only body pulled, and the only body that seems to 
move. We stand firmly on the earth because it pulls us, 
and quite unconsciously our bodies pull it ; and when we 
jump up we exert ourselves against this mutual pull, which 
soon brings us back to the surface. What we Call the weight^ 
of ^ body, such as a log of wood, is really the pull of the 
earth and the log towards each other, which pull we feel 
when we try to raise it and find it to be heavy. This is felt 
everywhere on the surface of the earth, and is very nearly 

♦ I say aJmosf, for tbe part of tlio earth directly opposljp to Bengal, and 
called its aiUipodu, is in the Pacific Ocean and not in Aine*‘ica. 
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the same (but not exactly the same) on every part of 
it.* The power of pulling, which is exerted by everything 
^that has weight, is called gravitation. 

And it is not only things on the surface of the earth 
that thus gravitate or are drawn towards it. The moon, 
although at so great a distance that it looks like a 
moderate sized ball, whereas it is*in reality 2158 miles 
across, or ^ the size of our earth, is attracted by the 
earth, and attracts it while it moves round it. Indeed 
it is because it is pulled towards the eaHh, that it remains 
always at nearly the same distance, and does not fly away 
from it into distant space. A simple experiment that 
every one can try for himself will help to make this clear. 
Take a stone or a lump of clay, tie it up in a piece of cloth, 
and fasten it to the end of a string two or three yards 
long; then, holding the other end of the string, stand 
in a clear space and whirl the stone rapidly round 
you, turning round yourself at tlm time. You will then 
feel that the string is pulled by the moving stone, and 
if it is thin and weak it will break, and the stone will fly 
off. So the moon would fly off from the earth if it won) 
not pulled towards it. There is, it is true, no visible link 
or bond between the two, like the string in our experi- 
ment, bu^ neither is there any visibld connection between 
the earth and a ball that is falling towards it, and yet 
evidently they attract each other. In the same way, the 
sun, which is much further off from us than the moon, and 
nearly one and a quarter millions of times larger than the 
earth, attracts both the earth and the moon ; and with such 
force, that if they were not both in rapid motion round the 
sun, they would fall into it and be first melted, and then in 
great part turned into vapour by his heat, which far exceeds 
that of the hottest fire we can make. And this leads us 
. to say something about the sun, that glorious luminrif}', 
wliose warmth and light are so grateful to all living things, 
and without which indeed no living thing on tile earth*h 


* In India it is a little less than in England, and in England less than 
in tireenland ; vrhile on the top of the Himalaya it is less than on the 
plains of Bengal. * 
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surface could continue to live for the space of two days, 
so needful are they to life itself. 

What is ’the sun ? A few years ago we should have 
been unable to answer this question nearly so well as wc 
can now. Its distance is so immense that if we could 
leave the earth and travel towards it, at the rate of a rail- 
way train at full speed, say thirty miles in an hour, it 
would take us 338 years to reach it; it is so large that 
if we were on its surface and were to travel round it at 
the same rate of speed, we should be more than nine years 
completing the journey ; whereas, if we were to make a 
similar journey round our earth, we should come back to 
our starting point in about one month. And as to its 
heat, we all know that if wo make a good sized bonfire, 
and stand ten or twelve yards off, we no longer feel tlie 
wannth given out by the flafne ; whereas, notwithstanding 
his enormous distance, the heat of the sun is sometimes 
so powerful that we can hardly bear it. By a method 
f^'hich was discovered only a few years ago, the light of 
the sun has been made to reveal to us that that luminary 
consists of materials for the most part like those of our 
earth. Iron, for instance, is one of them, but it is not solid 
nor even melted iron, qt all events on the outside of the 
sun, but is rather VUpour, that is, it is in much the same 
condition as the air wc breathe, and it is kept m this con- 
dition owing to the intensity of the heat. Besides iron, 
there are many other substances, some of them metals, 
and all like it in a state of vapomr. There are liquid 
matters beneath these, but wo cannot tell very well what 
they are. We have already seen in the introductory chapter, 
that the heat that reaches us from the sun, evaporates 
water from the surface of the sea. We shall see after- 
wards that the winds which bring us rain are set in motion 
entirely by the sun’s heat. Plants will not grow unless they 
receive both heat and light, and we ourselves should be 
«rt)le to db very little without the light of the day, and we 
should soon perish of cold if deprived of the sun’s genial rays. 

Wo must now turn our attention to one very important 
variation in the effect of the sun upon our earth, m., the 
alternation of day and night. 



THE earth’s motion. 1d 

When we see the snn rise in the moniing, and after 
ascending till almost over our heads, descend and set in the 
west, our first impression is that the sun really moves past 
ns, and that we ourselves are at rest. But we h«ave learned 
in our discussion of the shape of our earth to be cautious 
in trusting to first impressions, and that to arrive at 
the truth, we must test our first t conclusions by further 
observation, and then compare together our several obser- 
vations and impressions correcting one by the other. The 
present is a case in which it becomes necessary to dq so. Tin? 
question which we have here to ask ourselves is this can 
we ourselves be in motion without being sensible of it 7 and, 
secondly, if this be so, and if we are moving past an object 
really stationaiy, will the appearance be the same as if the 
object were moving, and we ourselves at rest ? A little expe- 
rience will show that both these questions must be answered 
in the affirmative. If a person in a boat at anchor in the 
middle of a very wide river sees another boat drifting past 
him with the current, and if hq does not actually know 
from previous observation that his own boat is anchored, 
he is unable to say whether his own or the other boat 
is in motion. All he can be sure of is, that one is moving 
past the other, but he cannot tell without looking at the 
rope which he knows to be attached to •the anchor, whether 
his own l5bnt is stationary and the other moving, or the 
former moving and the latter stationary, or finally whether 
both are not moving in opposite directions. So again, in 
a railway station at which two > trains arc standing, tli(i 
observer being in one of them. If the other train begins 
to move ofi* gently, it is impossible to tell by merely looking 
ftt the passing can’iages, whether they or the observer’s 
own carriage is moving; until he either feels the rattling 
motion of the carriage, or looks at the station shed which 
he knows to be at rest. But the earth does not shake* or 
rattle in moving, and the only mode of judging whether 
the sun or the earth is the moving body is im look at 
the stars. And they, too, will tell us nothing, unless we 
know or believe that like the station shed of the railway 
they do not move. Wliat we then see is, that if it ffe the 
sun that moy<$Si the. stari4^m|i|t at nearly 
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the same rate, for all seem to go round in the same 
way ; and therefore we can only conclude that either the 
earth is turning round from west to east, and presenting 
every side in succession to tlie sun and to each particular 
star, or else that the earth is stationary, and all the heavens 
moving round it from east to west. So we have only 
arrived at this result; that we require a great deal more 
observation to decide the question. This astronomers have 
made for us with great care, and the result is, that it is 
proved that the earth turns round like a spinning top, and 
the sun, relatively to us, is almost stationary.* Every 
side of the earth is in turn presented to the sun and 
is illuminated by it, producing day, while it is night on 
that side whicli is turned away from the sun. The ball 
of white clay that we used a short time ago to illustrate 
the appearance of the moon may now be used to represent 
our earth. Thrust a wire or thin stick through the middle 
of it, make an ink mark on the ball a little above the middle 
%o represent India, and, then holding the stick n little 
inclined, turn it round slowly before the lamp. The marked 
spot will be lighted up while it passes in front of the lamp, - 
representing day, and will be in darkness, while passing on 
the opposite side, representing night. 

The earth revolves once in 24 hours, or in one day and one 
night, around a lino that passes through its centre. This 
line is termed its axis. In the clay ball or in a model globe, 
the axis is represented by the wire or stick thrust through 
it, and the two points at which it protrudes from the ball 
arc called the poles. But in our earth this axis is merely 
an imaginary line, the ends of which are called the earth’s 
poles; in free space, the earth requires no support; for 
there is nothing but gravitation, and the motion it already 

1'hcrc is a little instrument called a Gyroscope, resembling a boy’s top, 
by vrhich \t may be proved to tbe eye^that the earth moves, and not 
thCiSu'n or Oie slurs. It is made to spin very rapidly on a kind of moveable 
support, and it is a kno^rn property of this instrument that the axis of the 
spinning top keeps pointing in Uie same direction, however the support 
may be moved. Now, if it be set spinning pointing to a particular star, it 
will remain pointing to that star, although the star may seem to have moved 
some distance across the .sky. The star then has not moved, but the 
earth has. 
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has, to make it go one way rather than another ; and these 
conjointly make it travel round the sun, in much the same 
way as the moon travels round the earth. 

The earth travels round the sun once in a year, while the 
moon travels round earth once in a lunar month. If 
either of them left a train of light bdhind it to show where 
it had passed, and some one could see this from one of the 
stars, it would look like a ring ; that of the earth being very 
much larger than that of the moon. The sun would be 
seen in the middle of the ring traced by the earth, and 
the earth would be in the middle of that traced by the 
moon. Moreover, the moon and its ring would be seen to 
move round the sun together with the earth, the moon 
being always at nearly but not quite the same distance from 
the earth, and the earth at nearly but not quite the same 
distance from the sun. Other balls like our earth, one of 
them thirteen hundred times larger, and having four moons, 
and another with a peculiar ring around it, and accompanied 
by eight moons, would be seen at different distances from the» 
sun, all moving round it in the same direction as the earth. 
As we see them from the earth, these bodies look like stars, 
except that they move among the real stars ; but they are very 
different from the stars and are QvWQfX planets. The brightest' 
of them all can be seen at one time* of year in the west for 
a short time after the sun has set, at another time of year 
in the east for a short time before the sun rises, and it is 
therefore sometimes called the evening star, and at other 
* times the morning star. Astronomers call this planet Venus. 

The sun with the earth and other planets and their moons, 
and a vast number of smaller bodies of like character, all of 
^v^ich circle round the same central body, is called tlie solar 
system; and if viewed, as I supposed just now, from some 
star, the whole would be seen hurrying through space, with the 
enormous speed of fotir miles in each second of time, or moie 
than three hundred thousand miles in a day. But the real 
stars ore so far off, that if we could watch this nietion fois 
many years, the sun and its planets would seem scarcely 
nearer to them than they are now. 

My readers will now understand how small and insignificant 
a body our earth really is, when we think of it in comparison 
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i^ith the sun and the stars. The real stars are all suns like 
our own, and some of them very much larger; but at so great 
a distance, that they look only like bright points ; and indeed 
by far the greater part of j:hem cannot be seen at all without 
the help of a telescope. 

Let us now sum up what we hare learned. Our earth is 
a globe or ball that turns roxmd or revolves on its own axis, 
(which is only an imaginary lino passing through its centre), 
while it travels round the sun. It turns completely round 
its axis once a day ; and as it revolves, that half which is turned 
towards the sun is lighted up by it, and has daylight, while 
the side that is turned away from it is dark, and has night. 
The earth also travels round the sun once in a year, and the 
moon travels round the earth in the same way once in a 
month, while she revolves on her own axis also once a month. 
The same face of the moon is therefore always presented to 
the earth, whereas all sides are successively presented to the 
sun. That side of the moon which is turned towards the sun 
is bright, and that which is away from it is dark; so that if 
people could live on the moon, they would have day and 
night as wo have, but their day would last nearly half a 
month, and their night another half month. There are 
other bodies called planets that travel round the sun like 
our earth, and some of them have several moons accompany- 
ing them. Were we writing about astronomy^ we should 
have a great deal to say about these planets, but we must 
return to earth in the next chapter, and we shall find that 
there is plenty to interest us on our own earth, although it" 
is so small in comparison with the sun and the stars. Lastly 
we have learned tliat this system of sun and planets is 
travelling rapidly through indnite space, and that although 
at great distances from each other, they are kept together 
by that mutual attraction, or pulling at each other which is 
called gravitation, and which is the same cause that keeps 
us standing on the earth, and causes a ball that has been 
thrown up into the air to fall back to the ground. 
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THE ATMOSPHERE. 

Our globe is completely surrounded by a covering of air, 
wbicli is called its atmosphere. That air is something^ although 
we cannot see it, we must acknowledge, when wc call to 
mind that we feel its pressure with every puff of wind. And 
when the wmd is very violent, as in those great storms that 
pass over Bengal sometimes at the change of the monsoons, 
we see the effects of its power in uprooted trees, wrecked 
boats, houses levelled and scattered, and sometimes, most 
terrible of all, in destructive floods of sea-water, which the 
wind first piles up on the sea and then drives forward over 
the land, destroying and submerging everything in their 
path. Clearly then air is something, and at times a very 
powerful something. 

Although air is met with everywhere on the surface 
of the earth, even on the tops of the highest mountains, we 
have no reason to believe that it extends very far from 
the earthy or that, for example, it fills all the s])acc between 
us and the nnoon. Even on the lofty ridges of the Hima- 
laya, the air is, so to speak, of thinner consistency than here 
on the plains; that is to say, every cubic foot of it contains 
a less weight of air than down here in Bengal : and one reason 
why it is so difficult to climb very high mountains, and that, 
no one has ever yet reached the top of the most lofty moun- 
tains, is that the air there is so attenuated that people cannot 
breathe well, and soon become exhausted. We do not know 
exactly how high we should have to mount from the earth, 
to be beyond the atmosphere altogether, but at a height ^f 
50 miles or about ten times as high as the highest peak of 
the Him^aya, there must be so little, that if it wesc to blo^ 
witji the speed of one of our great storms, we should not feel 
it. The atmosphere is, then, a very thin layer compared 
with the size of the eaith. If we suppose our earth to be 
represented by « ball one foot across, two sheets of ordinary 
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country paper laid on the surface, one over the other, would 
about represent the thickness of the atmosphere. 

To understand what the air does, we must first know 
what it consists of. It is a mixture of gases, chiefly two, 
•which are called by chemists oxygen and nitrogen. Neither 
of them can be seen, because they have no colour; nor have 
they any smell or taste; but as I have already meutidhed, 
we can feel them when they move in a wind, and by 
proper means we can separate and weigh them. These 
two gases are called permanent gases, because no one 
has ever been able to convert them into a liquid like water, 
still less into a solid like ice or stone*. But besides these, 
air always contains the vapour of water, that is to say water 
in an invisible, gas-like condition ; but unlike oxygen and 
nitrogen in this ; that if cooled down sufficiently, it is recon- 
verted into common liquid water. Water in this gaseous state 
is commonly spoken of as water-vapour or simply vapour. 
In the introduction we spoke of the evaporation of water 
which takes place when a dish of it is exposed to the air. 
A wet cloth, for instance, if hung up in a wind, is soon dried ; 
because the water that soaks it escapes from it in the form 
of vapour; and if the sun is shining upon it, or if it be hung 
near a fire, it dries all the faster, showing us that it is heat 
or warmth that changes water into vapour, while another 
experiment will show us that cold brings back tile vapour to 
the state oi water, and sometimes even into the solid state 
of snow or icc. Procure a large piece of ice ; crush it, 
and fill a brass or tin-pot with the fragments, nearly up to the 
top, taking care that none of it rests on the edge. Dry the 
outside thoroughly, and then let it stand for a short time in 
a shady place. The vessel soon becomes cold, but for a 
minute or less, according to the state of the air at the time, 
it remains dry on the outside. After a time, however, the 
pslished surface will become dulled, and if you then draw 
your finger over it you will find it to be wet. The water 
has nots^ome through the vessel as might be supposed 
at first sight, but is water which existed as invisible vapour 
in the air around, and which has been turned into water 
again or condensed by the coldness of the vessel. If this 
experiment be repeated, some salt having previously been 
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mixed rapidly with the ice, the vessel is made much colder 
than before ; and the vapour of the air will be condensed on 
the outside, not in minute liquid drops, but in line white 
solid filaments, which are almost exactly the sauie thing as 
the snow that lies on the tops of tlje Himdlaya mountains, 
and from which, as I dare say my' readers know, they take 
their name Himdlaya * the abode of snow.’ 

We are now prepared to understand how fog, clouds, 
rain, snow, and hail are formed, and in part, why we often 
find the grass and leaves quite wet in the early morning;, 
though no rain has fallen during the night. In all these 
cases the vapour of the air has been condensed by cold. 

* A fog is produced by the cooling of tlie air that rests 
directly on the ground. In the ‘cold weather it may often 
be seen to form very soon after sun-set.* The vapour in 
the air begins to condense as it cools, and is converted into 
water drops so small that for a time they remain fioating in 
the air, and cannot be seen apart from each other. But if 
a perfectly dry cloth be hung up in such a fog it will soon 
become damp, A cloud is much the same as a fog, but formed 
high up in the air, and is very variable in shape, since the 
substance of the cloud is continually changing. When the 
sun shines on one of those white. isolated clouds, rounded 
on the tqp and flat below, that art so common about 
noon day in fine weather, the upper surface of the cloud 
is evaporating under the sun’s rays, while more vapour 
rising from the earth is condensed and added at the 
bottom; the cloud seems to be the same, because it 
remains in the same place, but in reality the condensed 
vapour that composes it is constantly changing. Now if 
a cloud of this kind grows very large and thick; and 
unites with other clouds round about it and higher up 
ill the atmosphere, which of course can take place only 
by more vapour being condensed from the air, it formo at 
last a rain-cloud. The very minute water drops that compose 
the cloud become larger, then unite with oifb another, 

* In villRges and among liouaes, a great deal of smoke is generally 
mixed with the fog: but this is not the case when it forms over an open 
plain, such as the Calcutta maidan, or over tanks, jbils, and marshy 
places, far away vom houses. 
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and finally fall to tbo earth as rain drops. It seems at 
first hard to beliere that all the water that falls in a heavy 
showof of rain should have existed in the air, only a short 
time before, as invisible vapour, but there is no doubt that 
it is so. One may learn much by watching the clouds 
for an hour or two together, and noticing their changes of 
form and size ; just before one of those thunder storms 
so common in March and April, which we call north-wester 
new layers of cloud may sometimes be seen to form so 
rapidly, as entirely to obscure the sky overhead in the 
course of half an hour. In February and March it some- 
times happens that, together with the rain, lumps of 
ice fall. These are termed hailstones^ not because they 
are really stones, but simply because they are solid, 
and falling from a great height in the air, they are as 
destructive to trees and crops as if they were really stones. 
They are very largo rain drops that come from some cloud 
high overhead, where it is so cold that they are frozen into 
dee. Snow is also a kind of frozen rain, but it is very light, 
and there is this difference in its mode of formation, that it 
is changed at once from invisible vapour into little frozen 
needles ; just as, in the experiment with the ice and '^fialt 
described a short time .ago, the vapour condensed on the 
surface of a very coM vessel becomes at once a ^ite frozen 
layer of a snow-like substance, without passing through 
the condition of water. We never see snow fall on the 
plains of India, nor even on the hills south of the Him&laya, 
because it is never cold enough, but on the higher peaks 
of the Himdlaya it falls abundantly, and this it is that 
makes them so white. Snow is very light ; as it falls, it 
looks much like flocks of cotton wool ; and where it falls, 
there it remains, until it melts or is drifted into heaps by 
the wind. In the winter time in Europe, it sometimes 
accumulates in this manner till it forms a layer over the 
ground, several feet thick, and in severe winters houses are 
sametimee^ buried in the snow drifts; On high mountains 
it collects in the same way in hollows, forming beds many 
hundreds of feet tliick; what becomes of it then we shall see 
later on, when we have to speak of glaciers.* 

* Chapter VII. 
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Thftre is one other form in which the vapour of the air 
condenses, and which is familiar to us all. Often, after a 
fine clear night in the cold weather, we find the ^ass and 
trees quite wet, and large drops of water resting on the leaves. 
This is called dew. It is the vapo^ of tlie air condensed 
on the cold surface of the leaves. A cloth left out on the 
grass on such a night will become as wet as if it had been 
dipped into water. Wlicn it is so cold that the dew freeaes 
,as it forms, it is calle<l hoar frost This is often seen in the 
Upper Provinces of India, on the Nilgiri hills and oven 
no fui*ther off than Hazarib^gh, after a very cold clear night 
in December or January. 

We see then that fog, clouds, rain, hail, snow, dew and 
hoar-frost are all formed in the same way, m., by the cooling 
of the air, which then gives out in a liquid or solid form a 
part of the vapour that it contains. The vapour comes 
originally from the surface of seas, rivers, tanks and even 
the land if it is wet, and the chief cause of its evaporation 
is the heat of the sun. It is then owing to this genial 
heat, that we are indebted for those refreshing rains, that 
cool the air and make our trees and food crops grow* 

But this is only a part of the work done by the sun’s heat 
in our atmosphere. It is the sun that sets the air in motion, 
and causes those winds, by which' vafX)ur is carried from 
the surfac? of the ocean and distributed over the fields and 
forests in rain; by which therefore rivers are fed, and the 
land made habitable and covered with verdure. To under- 
stand how all this is brought about, we must go back to 
certain simple rudimentary facts which we may gather from 
every-day experience. In order to Icam how the air is 
affected by heat, a good way is to watch what takes place 
round about an ordhiary fire. If we make a large fire of 
twigs, dead leaves or straw in the open air, and if there be no 
wind blowing at the time, the smoke goes straight upwarils; 
but if any burning leaves or twigs happen to lie a little on one 
side, the fiame ai^ smoke from them are drawn towards t^e 
rest of the burning mass, showing that currents of air are 
drawn in towards the fire at the bottom. This air is heated 
by the - flame, and then rushes upwards, carrying with it the 
smoke, bits ash, and similar light bodies. It rises for 
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the same reason that a piece of bamboo, if thrown into the 
water, at once rises to the surface. Jnst as the bamboo 
is lighter than the water, so the hot air is lighter than the 
cold air around. Cold smoke is not light and does not rise, 
os may be seen any evening in the cold weather, when the 
smoke that is produced by the fires of the village hangs low 
down about the houses, and gradually settles to the ground. 
Now if a fire be very large, such as may be seen when 
a village is buniing, a' strong wind blows in from all sides 
towards the fiames ; and when a large forest is burning, (as 
sometimes occurs in the great forests of America; ) and in the 
conflagrations of great cities, such as that of London in 
1 G66, which burnt for four days, or that of Chicago in the 
United States a year or two ago, the wind that is produced 
around, blows with the force of a hurricane, rushing in 
towards the flames. 

The heat of the sun produces effects similar to these. 
It is true that it does not heat the air so intensely as a great 
conflagration will do, but the tracts that are affected by it 
are much more extensive, and the winds therefore, though 
not so violent as around a burning city or forest, prevail 
over very much larger spaces. But it may be» asked, since 
the sun is shining at the same time over h&lf the earth, 
how is it that one place is so much hotter tlmn another. 
The reasons are clnefly two-fold. First these places that have 
the sun immediately overhead are hotter than those where it 
does not rise so high; just as, at the same place, it is hotter at 
noon when the sun is highest, than in the morning and 
evening when it is low. And, secondly, land is much 
more quickly heated than water, so that on the open sea 
at midday and even on and near the sea shore, it is much 
cooler, in April and May, than in the interior of Bengal ; and 
it is hotter still in Central India and the Panjdb, which are 
stiil further from the sea. 

On the other hand, at night time, when the sun is below 
the horizan, and both land and water, as well as the air 
above them, ore cooling down, giving out their heat to the 
starry space, the land cools faster than the sea. And in the 
same way, in the cold weather months, when the earth parts 
with more heat than i>receives from the sun, tM land becomes 
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colder than the. water ; and places far from the sea — such the 
Panjab and Upper Asdm — are cooler than Bengal, which lies 
near the sea. 

We are now prepared to understand why the intense heat 
of April and May is followed by the |trong steady wind from 
the sea that brings the grateful rains of June and July. Up 
to the setting in of the rains, India is very much hotter than 
the great sea that lies to the southward. In Bengal indeed 
we have winds from the south and south-east even before 
the regular rains set in, and these bring us some showers; but 
when, in June and July, the heat of Central India, the 
North-West Provinces and the Panjdb has become very 
great indeed, the whole body of the lower part of the 
atmosphere from beyond the equator moves northwards 
towards India, and brings all the vapour that has been 
evaporated by the heat of the sun from many thousand 
square miles of ocean. This is our south-west monsoon. 

Something yet remains to be explained. We have learned 
why the winds bring us the vapour, tli^t when condensed 
produces our rains; but we have also leanied that the air 
must be cooled in order that this vapour may be condensed ; 
and it is not clear how this is effected; since we have seen 
that it is the great Jieat of India tl^at produces the winds. 
Can we ha]^c great heat producing a wlhd, and at the same 
time this very wind cooled down so as to condense its vapour 
ill' cloud and rain ? How it will be asked, can one explanation 
be reconciled with the other? 

To answer this, we will revert to the familiar experience 
afforded by our fire. When it is in full blaze, the smoke, 
(which we now know to be carried by the heated air,) rises 
in a rapid stream. But it does not rise very high ; perhaps 
as high as the tops of the palm trees, and it &en spreads 
out and remains fiir a time suspended in mid air. It 
ceases to rise because it has already lost a great deal of 
the heat that caused it to ascend, and has become no 
lighter than the air around it. So it is with every current 
of air that ascends, whether it is set in motion by the-heait 
of a fire or by that of the sun. Some very important experi- 
ments made by Mr. Joule have enabled us to ascertain exactly 
the amount o^ cooling that air undergoes under these 
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circumstances. It is such tiiat if a quantity of air, as hot as 
it usually is about 9 in the morning in May, were to rise from 
the ground, it would be cooled to the temperature of ice, 
before* it had ascended as high as Daijiling. In ascending 
mountains, the higher we go the colder does the air become; 
but not so rapidly as a mass of air that is m •inotum 
upwards. At Daijiling, for instance, the warmth of the air 
(called its temperature) is about half way between that of 
the air on the plains, and that of melting ice; and we 
should have to ascend to more than twice the height of 
Daijiling, before we should hnd the snow in the summer time 
lying unmclted on the slopes of the mountains. It is owing 
to the expansion that the air undergoes during its ascent, 
or rather to the resistance which it overcomes in thus 
expanding, that the air is cooled. 

We have now found the explanation we sought. The 
highly heated air over the plains of India ascends and cools 
as it ascends. Air highly charged with vapour is drawn 
from the surface qf the seas to the southward, and this, 
ascending in its turn, is cooled and forms dense clouds and 
rain. When it has risen to a great height and has got rid 
of most of its vapour, it turns and flows back to tlie south, 
where, descending agabi to the sea level, it takes up more 
vapour and then repeats the same circuit. ^ 

On the other hand, in December and January, when the 
sun is low and the surface of the land is colder than the 
sea; and when Australia and places south of the Equator are^ 
most heated by the sun, the air flows from us towards this 
heated region, in the lower atmosphere, and returns to us as 
a wind in the upper atmosphere. The lower current is our 
winter or north-east monsoon. It is so called, because at 
sea it really blows from the north-east, but in Bengal and the 
North-West Provinces it comes chiefly from the north-west 

north. The upper return current, which may be called 
the Antt-monsomf is felt on the Himalaya, and descends in 
^the North-West Provinces and the Panj&b; and the vapour 
It brings furnishes their winter rains, on which the rahi crops 
depend. 

In India, then, we have the wind blowing one way during 
four or five months of the year and in the opposite direction 
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during another four or five months; all such winds are 
called monsooTis, In the China Bea and Australia, as well 
as one or two other parts of the tropics, monsoons are felt 
tQuch like ours, except that the directions are not the 
same; but in the middle of the Atlantic and the Pacific 
Oceans, the wind blows the same way all the year round, 
xfiz,, towards the equator from both tropics, and these are 
called trade-winds. In Europe again, the winds are much 
less regular, and at all times of year they are apt to shift 
from one quarter to another frequently and without much 
warning, so that “as changeable as the wind” has there 
become a proverb. Nevertheless this irregularity is only 
apparent and not real. There arc in Europe, as in India, 
two principal winds, one of which blows from the cold 
Northern countries towards the Equator (where it is hottest); 
the other, the Anti-trade^ which begins near the Equator 
high up in the air and blows thence towards the north and 
north-east, gradually descending to the earth^s surface. It 
is this last that brings Europe most of its rain, just as our 
Anti-monsoon brings winter rains to the Panjdb. 

In this chapter we have learned that the atmosphere 
that everywhere surrounds our earth is not much more 
than 50 miles thick, and that its lower layers arc more dense 
than those q^ove them, because those v^ich are lowest are 
press(*d upon by those above them. It consists chiefly of 
two gases, which when heated expand and become lighter, 
and when cooled contract and become heavier or denser, but 
which always remain gaseous, and mixed in the same propor- 
tions. It contains also water vapour, the quantity of which is 
always varying. This is furnished by evaporation from seas 
and oceans. When much cooled, it condenses and forms clouds, 
rain, snow and hail ; or when condensed on the surface of 
grass, leaves and the like in the night time, dew and hoar- 
frost. Winds are produced by the unequal heating of the ah* 
by the sun. Heated air rises anti colder air flows in below to 
take its place, while that which has ascended is dboled by* 
its ascension, and so forms winds in the upper atmosphere 
which blow in the opposite direction to the former. At 
last it descends to earth, to take the place of that which has 
been drawn tov^rds the heated region. In India the winds 
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blow '*pretty steadily from the south, south-west, or south- 
(accoiding to the local%) during a part of the year, and 
from the north-west, north, or north-east during another part 
of the year*, and these winds are called the monsoons. The 
former, coming from the ocean, bring us our rains. The 
latter, blowing from the land towards the sea, have little vapour 
and bring fine clear weather. On the coast of China and that 
of North Australia and Africa there are also monsoons, but 
their directions differ somewhat from ours. On the two great 
oceans, the Pacific and the Atlantic, as well in on the tropical 
part of the South Indian Ocean, where the winds blow tlie 
same way all the year through, they are called trade winds ; 
and in Europe where they are much less regular, this irre- 
gularity is owing to there being two principal winds, one of 
which is chiefiy from north-east, the other from south-west, 
which continually displace each other, instead of one being 
always above and the other below, as is the case when the 
trade winds blow. All these movements and changes of the 
atmosphere ore due to the heating of the sun, and to the 
facts that land is both heated and cooled much more quickly 
than water; and that the heat is most intense where the 
sun shines directly overhead. 
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THK SEA. 

In this chapter I shall have to describe things probably 
unfamiliar to most of my readers. But it would be impos- 
sible for them to understand much of what I shall have to say 
afterwards about the land, if they have not first gained some 
acquaintance with the nature and movements of the ocean ; 
and fortunately it requires no great exertion of the imagina- 
tion, even for those who have never seen the sea, to conceive 
a vast body of water, filling all tlie greater depressions of 
the earth’s surface, and, as may be seen on any map of 
the world or a terrestrial globe, occupying very nearly three- 
fourths of that surface. 

It is only of late years that we have gained any accurate 
knowledge of its depth, and even now there are immense 
tracts, especially in the Pacific and Indian Oceans, of the depth 
of which we know very little. But the third great section, 
the Atlantic, or rather the northern pUrti)f it which extends 
between Euiwpe and North Africa on one side and America 
on the other, lias been much more closely examined ; and 
not only do we know pretty well how deep it is in different 
^arts, but specimens of the bottom and of the sea animals 
that live on it have been brought up from defiths of 1,200 
and 1,400 fathoms.* The bottom of the Atlantic shows 
irregularities of the same kind as the land surface of 


* Depths of the sea are nsnally given in fathoms, each of which is equal 
to two yards, or four haths^ or six feet. T,200 fathoms is therefore 7,200 
or about the height of the highest part of DurH ling above the level of the 
i-en. 1,400 fathoms is 8,400 feet, or nearly a mile and two^thinls. 

Since the above was written, it has been reported, that tlie^naturalista* 
on hoard the Challenger have obtained a specimen of the sea bottom and 
the animals living on it from a depth of 8,876 fathoms, or nearly four aud 
a half miles. 
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Continents. It has submarine mountain ranges, table 
lamds, and valleys. And this we might have expected, for 
Geology tells us that much* of what is now covered by 
the ocean, was at some former time dry land; and on the 
other hand, we know that in some of the loftiest mountains, 
the Himdlaya for instance, the shells and other hard parts of » 
animals that once lived on the sea>bottom are embedded in 
the solid rock of the mountain sides ; proving to us, that 
although they are now high above the sea, they once formed 
part of the bed of the ocean. The greatest depths of the 
Atlantic are depressed below the sea surface, to a depth mucli 
greater than the height of the highest mountain masses 
that now tow.er above it. One large part of it is rather more 
than 5,000 fathoms, a depth in which if the three loftiest 
peaks of the Himdlaya were buried, there would still be 
from 150 to 800 fathoms of water over their summits. It 
is probable that in the Bouthem Ocean there are depths 
exceeding this, but we cannot be sure of this without 
further measurements. We do however know that the 
average depth of the ocean much exceeds the average 
height of tiic land. The Bay of Bengal is very deep in 
some parts. On the Indian side, the depth increases . very 
gradually, and it is probable that the deepest part lies in 
the east of the Bay. ' It shelves down very gradually too 
from the coast of Bengal ; except at one place, ^out midw ay 
between the Hdghli and the Megna, where there is a very deep 
and abnipt channel in the bed of the sea called the ^ tlie 
Swatch the depth of which is said to exceed 2,000 fathoms,* 
or more than two miles. This, however, requires verifica- 
tion. 

The water of the ocean, unlike that of most lakes and 
rivers, is very salt; so much so, that a ^eat part of the salt 
consumed in Madras (and formerly in Bengal also^ is 
obtained from it, by collecting the water in shallow 
reservoirs, and allowing it to evaporate. As only the water 
^oes off«-as vapour, tdl the salt is left behind. The salt 
so obtained is however for from pure. It has a more bitter 
taste than pure salt, owing to its impurities, which consist 
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of salts of lime and magnesia,* with other substances, for 
a knowledge of which my readers must refer to books on 
chemistry. 

The saltncss of the water is nearly the same in all parts of 
the ocean. In the neighbourhood of any coast where a large 
river enters the sea, the admixture of fresh water makes it 
somewhat less salt; and inland seas, connected with the ocean, 
but almost entirely surrounded by land, are either fresher or 
salter, according to whether tiie rivers that enter them supply 
more fresh water than evaporates from their surface or the 
reverse. Thus the Red Sea, into which no river flows, and 
from the surface of which great evaporation is always going 
on, is salter than the ocean; while the Baltic, which receives 
many of tlie large rivers of Northern Europe, and which 
being in a cool climate, gives off comparatively little 
evaporation, is always very much fresher. 

If it be asked why the sea is salt, we can only reply that 
it has probably been so from the time when it began to exist 
as an ocean. It is true that, from time to time, small tracts 
of it may have been cut off from the main ocean in some 
dry region and so dried up, in which case the salt has been 
left behind as a solid mass called rock salt. But any loss 
of salt that it may suffer in this way is compensated by that 
brought into it by rivers, all of which contain some traces of 
salt ; and by^that which the sea itself washes out of the land. 

I have already spoken of the lime in sea-water. There is 
very little, but there would be much more, were it not tliat 
Mime is continually abstr^ted from the water by the animals 
that live in it. Many of these form hard shells, which 
consist chiefly of a compound of lime,f and this lime is 
taken from the water; there are a kind of animals called 


* My readers who do not know chemistry, will still understand that lime 
is the white substance eaten with p&n, and made into mortar for building: 
and one salt of magnesia ia known to all who have ever taken a dose of 
Epsom salts. 

t In parts of Bengal the lime eaten with pOn is generally made by 
burning the large shells collected in the salt lakes of the Soonderbuns. 
In Madras large quantities of sea shells are collected fer the lime used to 
stucco the interiors of houses. 
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corals, tlie^eater part of wliose body consists of a hard 
slq^n offeie. They do not move about, but live, almost 
like - plantSj fixed in the same spot; and when they die, 
their skeletons remain, or being broken up by the waves 
and recemented, form masses of limestone which serve as 
supports for others to grow upon. In this way vast massea 
of stony substance accumulate, and new rocks and islands 
are formed. The Maldives and Laccadives to. the south-west 
of India ore entirely islands of this class. 

In the neighbourhood of the coast the color of the sea 
water is generally green ; this is not the true color of pure 
sea water, but is owing to the mud brought into it by rivers 
and that washed'from the coast. In mid ocean, the color is 
a pure deep indigo blue, and the water so transparent that 
if a white plate be thrown into it, it can be seen after it has 
sunk many fathoms below the surface. The surface of the 
sea is seldom quite smooth ; this is the case only when there 
has been no wind in the neighbourhood for two or three 
days. Most frequently it is raised in waves, which roll 
along in the direction of the wind, or are simply propagated 
by the water from some distant place where a strong wind 
is blowing. These latter are spoken of as the swell of the 
sea ; and the rolling of ships as they sail orer it, is to many 
persons, who are unused to it, peculiarly unpleasant, produc- 
ing sickness. When these long waves reacn the shore, 
such a shore for instance as extends along the face of the 
HVuidarbans or the coast of Orissa and Madras, they become 
higher, and the crest curling over breaks in a mass of foam, 
wliich makes it dangerous for boats, except such as are 
built with planks sewn together, like the Masiilah boats 
of Madras. Buch waves arc termed breakers^ and in storms 
they have great destructive power, and soon dash to pieces 
and break up any ill-fated ship that may have been driven 
ua the coast, and so become exposed to their impact. On a 
coast such as that which extends along the Indian side of 
the Bay,' where the land is almost everywhere low, the coast 
is not much destroyed by the action of the waves, but on 
rocky coasts where the edge of the land is high above the 
sea level they pound , and break down the exposed face of 



the rocks and sweep away the abraded material, leaving a 
cliff, such as is shown in the subjoined woodcut. 



Fig, 2.— A Sea Cliff aVid «)3eaou. 


Tlie waves of the sea subserve one very important purpose, 
viz., they facilitate the aeration oi the water; that is, they 
help the air becoming dissolved in the water; without which 
fish and most other animals that live in water would be 
unable to breathe.* 

In the introductory chapter, we learned that the greater 
part of the mud that renders our rivers sa turbid is carried 
down into the sea with the water ; and 1 have now shown 
that, in addition to this, a great deal is carried away from 
certain coasts which are being eaten away by the wavc^. 
All this sinks gradually to the bottom ; but before it finally 
settles, it is often carried many hundreds of miles* by those 

* Mcatn but not all. Whales, porpoises, seals, dugongs and all such 
aitimaU ns suckle their young, also turtles and sea-snakea, breathe air, foe 
Khtcb purpose the^scome oecaaionally to the surface. 

P 
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moY^iV^entB of the water of which we have jet to speak. 
However, sooner or later, it settles down, and forms new 
lajers of mud and sand on the 'floor of the ocean. In deep 
seas, these accumulations of necessity form very slowly ; but 
they accrete more rapidly near the mouths of large rivers, 
and certain coasts that are wasting rapidly. The dead 
bodies of Ashes and other marine animals, sinking to the 
bottom, are sometimes buried in this mud and sand ; and the 
hard parts, such as shells and bones, are thus frequently pre> 
served. Ages afterwards, when, by some of those changes that 
our earth is always undergoing, these layers of mud and sand 
have become converted into stone, and being upheaved, once 
more form part of the dry land, such remains, now termed 
fossils, are discovered by Geologists, who learn from them 
what kind of animals lived in the sea, it may be thousands 
and hundreds of thousands of years before. Sometimes, but 
more rarely, the bodies of land animals and the leaves and 
branches of plants are embedded in the same way ; but these 
are more common in similar accumulations that are formed in 
lakes or in the deltas of great rivers, such as that on which 
we live in Bengal. In another chapter we shall see that by 
diligei^ly collecting and examining remains of this kind we 
have l&med that the animals that live on the earth now 
are not like those that* used to live there in former times ; 
and that all of them have changed, not once on^y, but many 
times in succession. 

The sea is never at rest. Not only is the surface stirred 
by the wind, but the whole moss of the ocean is moved by 
tidal and local currents. Tidal currents flow first one way 
and then in the opposite direction, changing each way twice 
in about 25 hours, and producing a rise and fall of tlie 
water level twice in the same period. The second, in most 
patts of the ocean, run in the some direction with but little 
variation all the year through ; and the result is, that the 
whole water of the ocean is constantly but* slowly moving 
from one part of the earth to another. The causes of these 
movements may be understood with a little careful attention. 

I have said that the tide rises and falls twice in about 
25 hours ; those who live on the banks of the Hdghli 
or the Megna, or any of the large rivers of ^he Sdndarbans 
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near the sea, must be familiar with this as a fact of life-long 
experience. This period of 25 hours, or more exactly 24 
hours, 54 minutes, is exactly that between the time that the 
moon is seen at the same place in the sky on two successive 
(lays ; a fact which would at once suggest that the moon is 
in some way connected with the tides. Now if the reader 
bears in mind what we learned a short time since, about 
gravitation, he will find little difficulty in understanding 
what this connection is. I must only add one fact, which I 
have not mentioned before in order to avoid complexity at 
the outset. It is this; that the farther any two bodies are 
from each other, the less is the pull they exercise on each 
other; and in such measure, that if the centre of the moon 
were twice as far off the centre of the earth as it is, she 
would pull and be pulled by the earth with only one-fourth 
the actual force; if at three times the distance, with only 
one-niuth of that force ; if at four times the distance, with 
one-sixteenth, and so on.* 

Now let us see what consequence follows from this, if 
suppose the earth to be a rigid ball ; that is, one, the shape 
of which remains unaltered, however it may be pulled; while 
it is covorcil Aviih winter, which flows easily in any direction : 
and for the sake of greater simplicity, wc will assume first of 
all that the earth is completely covered b^ water, as represent- 
ed in Fig. Im Plate I. When the moon is in the position 
represented in Fig. 2 the watcT on the side a, nearest to the 
moon, will he ])iilled more strongly than the rigid earth c, because 
^t is nearer ; and will he heape(l up at a, being drawn away from 
all that part wJiicli lies towards d and e. Thus high water 
will he produced at «. In the same way, and for the 
same reason, the rigid earth c will be imlled away from 
the water at 5, and another pile of water, producing another 
high tide, will be the consequence. At d and e the 
wat('r will be low, so that two high tides and two low 
tides are produftd at the same time. Now as the eartli 
revolves on its axis which we may suppose to be r^resented 

* Common arithmetic shews that the denominators of these fractions 
are the squares of the fifpires expressing tlie distance ; so that the law of 
gravitation is expressed by saying, that the force is inversely as the square 
of the distance of Ih* two bodies. 
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Plate I. 
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by a line, at right angles to the plane of the paper, passing 
through the centre of c, every point on the earth will be succes- 
sively in the positions a d h e a; and if the moon remained 
in the same place at M, every place on the earth would have 
high water twice and low water twice in twenty-four hours ; 
that is to say, while the earth completes one revolution. 
But in the meantime, the moon has moved in her own orbit 
towards M', so that by the time that the place starting 
originally from a is again opposite the moon and therefore 
has high water on the* second day, the moon has reached tlie 
position M'. This whole journey is completed in 24 hours 
54 minutes. 

The rise and fall of the tide is not the same in amount 
from day to day. Twice in every lunar month the tides rise 
to their highest point at high water, and fall to their lowest 
at low water : these are termed spring tides. These highest 
and lowest tides occur at or a little after full and new moon. 
The intervening tides, in which there is the least difference 
between high and low water, that is, when the rise and fall 
are least, are called neap tides. At Calcutta, at high spring 
tides, the water rises and falls about 15 feet between high and 
low water; and at neap tides only about 6 feet. This vari- 
ation is owing to the fact that the sun produces tides as well 
as the moon? but since the sun is greatly more distant, the 
diameter of the earth is very small in comparison witli 
tliat distance, and the difference of the sun’s attraction 
^n opposite sides of the earth is less than in the case of the 
moon. The sun’s tides therefore are less than the lunar 
tides. 

Spring tides are produced, when the sun and the moon 
are both on the same side of the earth, that is at new 
moon; or when they are on opposite sides, m., at full 
moon. When in either of these positions, the solar and lunar 
tides coincide. Let us suppose, for instance, that in Fig. 2 
the sun is far away to the right beyond M, then bot^ sun and# 
moon produce high water at a and b; and the name thing will 
result if the sun be opposite M, to the left of the figure. But 
if, as in Fig. 3, the moon is at M and th^ sun at B, (or in 
that or the opposite direction,) while the moon produces 
high water at a hnd h as before, the sun causes high water 
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at d and The tide that results is then only the difference 
of the solar and lunar tides, instead of being their sum. 

In this description I haTjs supposed the earth to be 
covered uniformly with water, for the sake of simplicity. 
But we know that, in reality, the ocean is continuous all 
round the earth only to the south of the great Continents, 
while three independent oceans extend into the northern 
hemisphere. This very much complicates the phenomenon 
of the tides, because one great tidal wave cannot travel from 
one ocean to another round the earth : a kind of indepen- 
dent tide is produced in each of the great oceans, at the 
same 'time that the tidal waves, that circulate round the 
earth in the Southern Ocean, are propagated up each of the 
oceans in succession ; in much the same way that the waves 
produced by throwing a stone into still water are propagated 
in circles to a distance over the surface : and those propagated 
waves, termed free waves, travel the faster the deeper the 
ocean is. But notwithstanding all the irregularities that 
arise from the inequalities of the earth’s surface and those of 
the ocean bed, with few exceptions, every place on the shore 
of the ocean or on large rivers near the ocean has two tides 
every day. In places around the Atlantic these are'Tgenerally 
equal; but in India, one is generally higher than the otlmr. 

1 have spoken, above of the tidal waves, *^If a ring Ime 
the unshaded part of Fig. 2 which is much like an O, being 
wider at the sides than at the top and bottom, be cut out of 
some flexible substance, (such as sheet Indian rubber,) ther. 
cut across at (/ or e and pulled out straight, it will have the 
form of Pig. 4, which represents two waves, each of which 
in its original position on the earth extends half round it. 
This is really the character of the tides ; and if, as we at first 
supposed, each wave could travel freely round the earth, 
«there would be two and only two such waves in existence at 
the same time. But since the tidal wave that is propagate<l 
from the Southern Ocean northward is retarded by friction 
on the sea bottom, before one has completed its journey into 
the extreme northern bays of the ocean and into its river 
estuaries, such as the Hdghli and Megna, a second, third or , 
even a fourth may have started from its plaee of origin in the 
South Sea. Each such wave becomes higher^and shorter as the 
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sea becomes shallower; and when, at last, it reaches some 
very shallow estuary, such as those of the two rivets I have 
mentioned, the advancing wave sometimes is so retarded and 
piled up as to form a visible wave, as in Fig. 5. This is then 
turned a hore. In the shallow parts of the Megna, boats 
are sometimes upset by this bore, and by the rush of water 
that immediately succeeds the sudden rise of the river’s level. 

Since a large body of water must flow to a place to raise 
the level from that of low to that of high water, and the 
same quantity flow away from it to lower the level again to 
that of low water, the tides keep the sea always in motion. 
Indeed the motion affects every part down to the bottom ; 
and where the sea is shallow, the currents thus produced are 
sometimes very rapid. Such a current is termed a race. 
These tidal currents stir up and carry with them the fine 
sediment of which I spoke in the earlier part of this 
chapter, and thus it is sometimes carried away and finally 
settles in some deep part of the sea, far from the river that 
originally brought it down. It is not improbable, though it 
cannot be considered certain at present, that the groat 
channel4ike depression in the bottom of the Bay of Bengal, 
mentioned above* as * the Swatch,’ is swept free from sedi- 
pient and kept open, by the ebb cufreq^B that carry back to 
the south the water that has been brought to' the north of 
the Bay during the flood tide. 

Tidal cun’ents are not the only currents by which the 
oceanic waters are kept in motion. * Whenever a wind blows 
steadily for some days, the surface water is driven before 
it. Now in the neighbourhood of the equator the trade 
winds blow constantly in the same direction, and thus set in 
motion a current, which, at first little more than a drift of 
the surface water, becomes deeper as the action is con- 
tinued, and eventually is resolved into a steady westwjxd 
motion of the upper layer of the ocean water. Such is 
tlie case in the equatorid part of the Atlantic Qcean ; the 
waters of which are thus impelled through the Caribeau 
Hea into the Gulf of Florida. Here their westwacd motion 
is arrested ; and after making the circuit of the Gulf, they 


Page 80. 
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issue between the promontory of Florida and the Island 
of Cuba, as a deep steady current, flowing at the rate of 
4 miles in an hour, in a norijierly direction, parallel with 
the coast of the United States. This current is famous 
under the name of the QnJf Stream. 

On reaching Gape Hatteras it turns eastwards, spreading 
out and coalescing with the north-easterly drift of the 
surface water, generated by the south-west winds of the 
North Atlantic. Thus, water which has acquired a high 
temperature in the Caribean Sea and the Gulf of Florida, 
is carried .to the west coast of Europe, and by the warmth 
which it communicates to the air above it, makes the 
climate of the British Isles, France, Denmark and Norway 
warmer and more genial than that of other countries under 
the same latitudes. 

This circulation of the ocean waters is assisted by another 
cause. Cold water is heavier than warm water, for tlie 
same reason that cold air is heavier than warm air (see 
page 24). This is rigorously true in the case of salt water, 
(tliough not so in the case of fresh water). The sea water 
of the Polar regions, which is exceedingly cold, therefore 
sinks ; while that which is somewhat warmer flows in from 
the surface of the sea in lower latitudes, becomes cooled in 
its turn and- sinks, '^he cold water which has<.9unk, on the 
other hand, flows very slowly towards the equator, and 
gradually acquiring warmth as it proceeds on its journey, even- 
tually rises to the surface, is heated more highly under the , 
torrid sun, and returns to Arctic and Antarctic regions, in the 
manner already described in the case of the North Atlantic. 
There are similar currents in the other oceans, but few are 
BO well known as the Gulf Stream, and indeed few are so 
important in their effects. 

In the Bay of Bengal the currents change with the 
monsoons. Daring the south-west monsoon, and indeed as 
long as $outh-west winds blow on the coast of India, 
(which is during the greater part of the year,) a strong 
current ^ns up the coast, from south to north; while 
in the winter months, when the wind is from north-east, 
the currents run less strongly from north tc^south. These 
currents haye had an important influence on the shape of 
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the coast, as we shall see when we liaye to speak of that 
subject. It is partly owing to them that the east coast 
line of India is so straight as it is seen to be on the map, 
and that, as a consequence, it is so devoid of good harbours 
for ships. 

We have learned in this chapter that the sea is a vast 
body of salt water, in some ptu'ts very deep, deeper than the 
loftiest mountains that tower above its surface, and constantly 
kept'in motion by the action of the tides, the winds, and 
its own heating and cooling. It is the home of myriads of 
animals; some of these, like fishes, swim freely, through 
it^iDthers, like crabs, prawns and tlie creatures that pro- 
duce shells, (of which the common little cowrie is familiar 
to all of my readers,) creep over the bottom; and others 
again, like corals, live firmly fixed to the befttom almost 
like trees and plants, but are nevertheless true animals. 
These all breathe the air which is dissolved in water; and 
the waves of the sea, caused by the winds, arc the agents 
by wliich the air becomes so dissolved. There are also vast 
quantities of plants growing in the ocean, some growing on 
the bottom like land plants, others floating freely in its 
waters. The remains of both animals and plants, when 
they die, frequently sink and become covered up by the 
sand and fine» sediment, which is partly brought down by 
rivers, partly washed from the coasts, being worn away by 
the action of the breakers, and distributed far and wide 
J3y marine currents. 

We have also learned that the tides of the sea are low 
waves of vast extent produced by the attraction of the moon 
and the sun, and that at full moon and new moon the two 
sets of tidal waves coincide and produce the highest and 
lowest tides, called spring tides ; while at the moon’s quarters 
when the high water of the lunar tides coincides with the 
low water of the solar tides, and vice verea^ the rise and fall fif 
the tide is least. The rise and fall is increased where the sea 
is shallow, and becomes greatest in shallow bayif and thw 
mouths of large rivers; sometimes becoming so piled up as 
to produce a bore. 

in the preceding chapter we learned that the surface of 
the sea is always giving off vapour under the heat of the 
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sun, wiijcli is carried away by the winds and eyentually forms 
cloud and rain; that owing to the slowness with which the sea 
Water becomes heated and cooled, there is much less difference 
in its warmth in the day and in the night, or in snnuner and 
winter, than there is in the case of the land: and hence 
islands and places on the sea coast have a mild climate, 
never so hot or so cold as places under the same latitude in 
the interior of Continents. Where warm ciirrents like the 
Gulf Stream of the North Atlantic prevail, bringing warm 
water into a colder region, they help to make the climate 
warmer and more genial, and it may be added that cold 
currents flowing towards the equator on^ the other hand, by 
cooling the air, make the climate more rigorous than it would 
otherwise bq. Such, for instance, is the case of Labrador in 
North America. 



CHAPTER IV. 

UOW ROCKS ARR FORMED. 

If the reader has appreciated the spirit of the teaching 
of the previous chapters ; if he has clearly apprehended 
the great fact ^at the atmosphere, rivers and sea waves 
are all slowly working a change on the outline and surface 
of the land; he will no longer look upon the existence of 
continents, islands, mountains and plains as dry ultimate 
facts, respecting which, when he has learned their positions 
and names, ' there is little more that it concerns him to 
know ; but he will see that every single feature of the 
surface, every river, channel, hill and plain, every detail 
of the form of a coast line must have a history of its own, 
stretching back, it may be, into an unfathomable past ; and 
that each of these is the result of a vast number of causes, 
many of which he may sec in operation around him. They 
are then no mere poetic fancies, but simple scientific truths 
that arc embodied in the words of Tennyson : 

Where rolls the <leep, there grew the tree. 

Oh earth, what changes hast thou seen ! 

There, where the long street roars, hath been 
The stillness of the central sea. 

The hills are shadows, and they flow 
From form to form, and nothing stands ; 

They fade like mist, the solid lands. 

Like clouds they make themselves and go. 

But our present business is not only with the broad fact, 
that these things are changing and have always been 
changing: we have to learn in what way and by what 
(auses they have become what they are; and we shall find 
that, though there is no written chronicle to appeal to, 
to tell us their past history, still by noticing their forms 
and stnicture, and by examining the materials of which they 
are built up, very much may be learned with ^.almost the 
same degree of certainty, as if we had witnessed the whdle 
process from the" beginning. 

Let us see first of all of what materials the land is 
made; and Ut us start with the plains of Bengal. The 
surface soil idone will not tell us much. It is generally 
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a mixture of fine sand and clay termed loam^ and as we 
learned in the introduction, it is very much lUce the ailt or 
fine eediment that settles from niuddy river water when it is 
allowed to stand till it becomes clear. But when a new 
tank is dug to a depth of 20 or 30 feet, the newly exposed 
earth slope will generally be found to exhibit layers of 
different kinds of earth. It may be that the first six 
or 8 feet from the surface, perhaps more, is a layer of loam 
like that seen at the surface; then perhaps comes a layer 

or bed of stiff clay ; next, 
Surface. ^ it may be, a layer or bed 

of sand ; and very often 

Fine sand. at a depth of about 20 
or 30 feet comes a thin 
Loam. layer of black looking 

material, which, if it be 
dried and then thrust 
Blue clay. into a fire, will be found 
to lose all its blackness, 

P*at lager. *>« 

burnt away. Such a 

layer is found almost 
Sandy clay, every where in and about 
Calcutta, and in many 
parts of the 24-Pergun- 
nahs and Jessor. It 
Blue clay. chiefly consists of the^ 
decayed remains of plants 
and is sometimes spoken 
of as peat. But very 
^ sand. Qften in this dark layer 

or peat bed ( as it is termed 
Fig. 8.— Skctiow op Ground exposed hy Geologists) and below 
IN A Tank a* Snaldah, Calodtta. unmistake- 

able stumps of trees, with 
the roots attached, exactly in the position in which they 
grew, but now biiri^ perhaps 20 or* 30 feet below ihe sur- 
face ; at such a depth indeed, that if all the layers above them 
could be removed over the whole surface (f the country, 
the sea water wotdd come up and actu^ly cover them. The 


Fine sand. 


Blue clay. 


Peat layer. 


Sandy clay. 


Blue clay. 


Black sand. 
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annexed woodcut represents the beds thus actually met 
with in excavating the large tank near the Sealdah railway 
station in Calcutta: the tree stumps, which are there 
represented, were found on examination to be those of 
Sundri trees, such as are abundant at the 'present day in 
the forests of the Sfmdarbans. The level at which these 
tree stumps occua once have been the surface of the ground, 
and the earth now accumulated above them has since been 
deposited by the river waters. Occasionally, the decayed shells 
of snail-like animals, such as may now be found living in any 
tank or jhll, are met with in the clay, and prove therefore 
that it has been deposited from fresh water. Many years ago, 
a well was sunk in Fort William at Calcutta, to a depth of 
481 feet; the whole distance through successive layers of sand 
and clay, peat and pebbles. At a depth of 850 feet, part of 
the bony shell of a fresh water tortoise, such as ore abundant 
in the Ganges at the present day, was mot with. Further 
down again, at 380 feet, was a layer of fresh-water shells, 
and then a bed of decayed wood, showing that there was 
once a forest growing on ground that is now 380 feet below 
the surface ; but which must at that time have been the 
surface and as high up as the present surface of the Sdn- 
<larbans. The land, then, must have sunk at least 370 feet 
since the time when these trees grew, ^nd all the enormous 
mass of eartl^ now covering them must have been deposited 
from the rivers. From observations like these, we learn 
that all these broad plains of Bengal have been formed of 
^he sand and clay brought down by the waters of the rivers ; 
and such is the character of the great Gangetic plain 
of the ‘North-West Provinces, as well as the similar plain 
of Orissa, that of the GodAveri and other great rivers. 

Let us now make an ideal journey to the KhAsi Hills in 
8ylhet. Up to the foot of these hills we find the plains are 
very much like the rest of Bengal, except that the jhfjs 
are larger and more numerous ; and if we make our journey 
in the rains, we shall probably find the country flooded ; bu); 
when, leaving the swampy plain, we began to ascend from 
Tharia Ghat by the road to Chera Pdnji, we meet with hard 
stone and rocks of several kinds not seen before. A little 
way up the ascent, the rock is like sand hardened into stone, 
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and at one place, diligent search will enable ns to discover 
embedded in this stone (called sand stone) shells of several 
kinds. They are not like those met Vith in the clay beds 
around Calcutta, but rather like shells of animals that live 
in the sea; not** indeed identical with any that now live in 
the sea, but so much like them, that we can entertain no 
doubt that we have before us the remains of marine animals. 
Leaving this place and continuing our ascent, we traverse a 
great mass of sandstone all formed in layers,* sometimes 
horizontal, sometimes highly inclined ; and at the top, close 
to Chera Punji, we see, on the left, a little hill containing a 
bed of coal, and consisting chiefly of another kind of hard 
rock, which when burnt forms lime, and is therefore called 
limestone* This limestone too contains shells, but they are 
not like those found in the sandstone at the bottom of the 
hill; nor, with a few ^exceptions exactly like any now living. 
Like the former, however, they resemble marine shells, and 
we infer therefore that they were formed by animals that at 
one time lived in the sea. But if so, great changes must have 
taken place since these creatures lived, for they are now more 
than 4,000 feet above the sea. Thus, then, we learn from the 
shells they contain, that the rocks forming some of our hills 
have been formed in tlie sea, in tlic manner described in the 
last chapter, and that tlie old sea bottom, by some means or 
other, has been lifte& up so as to form a lofty £^ain of hills. 

We have thus learned that all the rocky or eafthy materials 
forming the plains of Bengal and the part of Khdsi Hills 
that I have just described, liave been deposited from water, 
in i^ome cases from fresh, in others from sea water, and that' 
they are all formed in layers teniied beds or strata, AH such 
rocks ( for the term rock is applied by Geologists indiscrimi* 
nately to sand and sandstone, loam, clay and limestone, in 
fact to all earthy or stony masses whetlier soft or hard,) 
are termed stmtified rocks ; and this bedded or stratified 
siructure is an indication that such rocks have been formed 
in water. ^ From the fact that they ore formed of sediment, 
6r that wl'iich had settled down from muddy water, they are 
fdso called sedimentary rocks. 


See woodcut Fig. pege 52. 
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Next let us suppose we make a journey up to Rdniganj 
to the north-west of Calcutta, or still better to the Borickar 
station some twenty miles further on. The surface here 
is no longer flat as in Lower Bengal, but undulating ; and 
every stream and river flows at the bottom of a depres- 
sion, the surface sloping down gently towards it from 
some distance on either side. This surface is generally 
covered with soil of a yellowish color, unlike that of 
the rice fields of Jessor and Ddkha, and not so fertile. But 
this soil is of no great tliickness; wherever an excavation 
is made to the depth of a few feet, and everywhere in the 
banks of the smaller streams or n4lds, where their channels 
are cut deeply into the ground, hard rocks are exposed, 
which wo readily recognise as sandstones. In some places 
also, we meet with layers of clay, or hard clay breaking up in 
thin slabs, termed shales, and occasionally beds of coal. All 
these are stratified, like the rocks of theKhdsi Hills; and (with 
the exception of the coal, which is the remains of an ancient 
forest,) have been formed in water. But if we go a few miles 
to the north beyond the Adjai, or to the south a little beyond 
the Damddah, or up the Great Trunk road for 3 or 4 miles 
beyond the Barackar river, we come upon rocks of quite a 
different character. These latter are very hard and compact, 
frequently containing little shining black or grey scales of 
a mineral called mica, and with no distinct stratification. This 
is a crystalline rock. It never contains the remains of 
animals, whether of land or fresh water, and sometimes it 
^ooks as if parts of it had at one time been actually liquid, 
or at all events soft, so that it has been squeezed and 
contorted in a very irregular manner. This rock is termed 
generally Gneiss ; and there is reason to believe, that though 
at some former time it may have been a stratified rock, it 
has since been heated and so acted upon by heated water 
under great pressure, that all the materials of which it 
consists have been undergone a chemical change, and ha^e 
been rearranged. Rocks like this are very common in India. 
Except the soil of the surface, no other rock than varieties of 
Gneiss are to be met with over the greater part of Southern 
India, and the same is the case in the western part of Orissa 
(in tte Garhjdt ^tates) and in Chutia N%pdr aqj^ Hozdribagh. 
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The greater part of the Him&laya is made up of rocks more 
or less similar, and so is all the northern part of the G4ro 
and Kh4si Hills. Whenever a series of stratified rocks can 
be followed down to their lowest layer, as a role the bottom 
layer is found to rest on this Gneiss. From the fact that 
Gneiss has probably at one time been stratified and subse- 
quently greatly altered or metamorphosedy a term which means 
much the same thing, it is termed a metamorphic rock. 

These two classes of rocks, the stratified or sedimentary y 
and the metamorphiCy are much the most common. But there 
are yet two other classes, termed respectively volcanic and 
//ram^icrocksjwhich have originated in a different way. In the 
Rijmahdl hills the former of these occur, apparently in layers, 
interstratified with true sedimentary rocks, but their inner 
structure is not stratified. The stone of which they consist is 
generally hard and heavy ; and sometimes contains rounded 
cavities which have been afterwards filled with minerals of a 
difierent kind. At some former time, it issued in a liquid 
molten state from the interior of the earth and flowed over 
the surface, or perhaps over the bottom of some lake ; after 
which, being cooled by exposure to the cold air or water, it 
became solid, and so formed a layer as we now see it, on the 
of which layers of sedimentary rock were afterwards ** 
formed in the way I have already^dcscribed. Spmetimes rocks 
of the same kind ore met with in a different kir^d of arrange- 
ment. A very good instance may be seen between the NViuia 
TtAld and the Assansol Dak Bungalow about half way betweer? 
lUiiiganj and Barackar, on the Great Trunk road. At 
this place, a line of rounded masses of very hard stone, very 
different from the sandstones and oth^ stratified rocks of 
which I have spoken, may be traced across the country for 
many miles, sometimes forming a rocky ridge above the 
general surface, at other times nearly covered by the 
«qil and only indicated by rounded blocks partly pro- 
truding from it or quite loose and resting upon it. This 
marks thcr.top (or out-crop as it is technically termed,) 
of a dyke of volcanic rock. If all the sandstones and 
coal beds that lie on cither side of it were cleared away, 
it would be seen to stand out like a gigantic wall, and 
however deeply the excavation might be carried, the bfttom 
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of it would neyer be reached. In fact it reaches far down 
into the depths of thp<^arth, where it is connected with some 
large deeply seated mass of volcanic rock; and at some 
former time, it must have issued in a molten state, 
filling a gigantic crack more than 20 miles long, and, 
where it crosses the Great Trunk 
road, 120 feet across. Many other 
similar dykes* may be seen about 
Rdniganj, though not so large as this^ 
Wherever the sandstones or the coal 
are in contact with these dykes, the 
former are seen to be hardened and 
altered as if they had been baked; 
as indeed they have been by the 
intense heat of the dyke when molten. 
In Western India rocks of Uiis 
§ kind are met with, exceeding in 

1 extent and magnitude, as far as 
^ we know, any similar mass else- 

2 where in the world. All the country 
between Ndgpi'ir and Bombay is 

S covered with enormous sheets of 
y dark colored .rock, which at some 
^ foimer time hai;^ been poured out 
2 in a molten state over the country, 

( from volcanos that now no longer 
^ exist. The hills formed by them 
^have a very peculiar appearance, 
^ being frequently flat on the top and 
with very steep sides. Sometimes 
the sides, when seen from a distance, 
appear to be broken by terraces, 
the whole looking like a series 
of gigantic steps, as shewn in thd 
annexed woodcut. From this pecu- 
liarity, which is owing^ to the* 
manner in which this part of the 
country has been formed, riz., by 
successive outpouring^ of rock of 
unequal degrees^of hardness, such rocks are often termed 
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Trapj^ a name derived fronj the Swedish word signify- 
ing a stair, or step. The teqp is a very useful one and is 
applied to rocks of the kind when they form dykes, 
as well as when they present the step-like arrangement. 
Thus the dyke spoken of above would be called n Trap- 
dyke. 

There are other kinds of rocks having their origin in 
volcanos, but as they are of less importance than these 
trappean rocks, wo may defer their description for the 
present. 

The origin of Qraniiic rocks is in so far similar to that 
of volcanic rocks, that, like these latter, they have been 
in a liquid state in the interior of the earth ; and while 
in this condition they have been forced into other rocks 
( not themselves liquified, but perhaps only softened, ) breaking 
into them and through them, and afterwards becoming cooled 
and solidified very gradually. But there is this important 
distinction. While trappean rocks are often poured out 
over the surface, granitic rocks are never met with in 
such a situation ; and there is reason to believe that they 
have in all cases cooled down very slowly, while yet deep 
in the interior of the earth. Long afterwards, they have 
become exposed at the surface, when, by the action of seas 
and rivers, together with those movements of the earth’s 
crust which we have yet to speak of, either the whole of 
the rocks originally covering them have been worn 
away, or they have been thrust up in some great mountain 
chain and exposed at its deep fissures. Hence it results 
that they are very freqiiently met with in mountain chains, 
such as the Himdlaya, generally breaking into rocks 
of the metamorphic class. In appearance, and in the miner- 
als that compose them, they much resemble these latter, 
except tliat they rarely show any trace of that layer-like 
iutungement of the minerals, termed foliation^ that is very 
common in gneiss. Bometimes, Jndeed, it is almost im- 
possible io tell one of these rocks from the other ; for j^eiss, 
when very highly metamarphosed^ become to all intents and. 
purposes a granite. But true gneiss is never intruded into 


* TVajBpa, Swed. ; 
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oiher rocks, as are volcanic rocks and granite, and this fact, 
and generally tlie peculiarity of its mineral arrangement, are 
characters by which the last may be distinguished. 

All rocks then, with insignidcaut exceptions, belong to oAe 
or the other of these four classes , — stratified or sedimentary^ 
metamorphicy (which are stratified rocks altered by heat and 
the action of heated water in the interior of the earth,) 
volcanic and granitic rocks. All sedimentary rocks have 
been formed on the bottoms of seas and lakes, while those 
of the last two classes have proceeded from groat depths in 
the interior of the earth. We know a great deal more about 
the way in which sedimentary rocks are formed, and imder 
what circumstances it results that sometimes clay, sometimes 
sand, and sometimes limestone forms their material, than we 
do in the case of volcanic and granitic rocks ; for we can 
to some extent watch what goes on in seas and rivers, and 
even obtain si)eciraeus of the bottoms, but we cannot pcne> 
trate to those depths in the interior of the earth at which 
rocks are melted and metamorphosed. But in some respects 
the former are the more interesting to us, because we find 
buried in them, and still recognizable, the remains of creatures 
that have lived in past times, and thus we learn a great deal 
of the wondrous changes that animals and plants have 
undergone, ages before man existed. * • 

Not only do* we tlius learn that the who4c animal kingdom 
has continually been subject to changes as great as those 
of the plains and seas that they tenanted, but we learn 
Mso the order in which one kind of animal has succeeded 
another in past time. It is not difiicult to understand how 
this cai\,be discovered. The case of the limestone and the 
sandstone of the Khdsi Hills, already described, will afibrd 
us an excellent illustration of the method. The annexed 
woodcut represents a Geological section of the Khdsi Hills,— 
that is, what would be seen, if the hills at Chera Punjt 
were cut through from north to south so as to expose 
the arrangement of the rocks that form them ; 5>cpresenU« 
the position of the sandstone containing marine shells, while 
a represents the limestone. The sandstone here must clear- . 
ly have been formed before the limestone, because the 
latter rests on the former; and therefore the creatures whose 
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remains are found in the sandstone must have lived long 
before those, the shells of which are 
embedded in the limestone. In the interval, 
a mass of sand not less than 1200 feet 
thick (since hardened into stone,) must 
have been deposited on the spot. How 
long this would take to accumulate we 
cannot wqll tell, but it must have been a 
very long time indeed ; for it had all to 
be worn away from the land of that day, 
by the action of the seas and rivers, and 
this is far from being a rapid process. 
Moreover, it would appear that, in the 
interval, nearly the whole of the shelled 
animals and other creatures inhabiting the 
sea had died out, and had been replaced 
by others differing from them, and this we 
have every reason to believe is a process 
of extreme slowness. It is therefore, beyond 
doubt, that a very long period, certainly 
many thousands of years elapsed, while 
these great beds of sandstone were being 
slowly piled up on the bottom of the sea. 

•By comparing together the animal 
femains, such as shells, bones and the like, 
that are met with, in sedimentary rocks in 
different parts of the world, it is found that 
each kind of animal has continued to exist for a certain timt, 
iii some oases longer, in others shorter ; and that when a kind 
has once died out and become extinct, it does notjeappear 
at any later epoch. Consequently tlieir ren^ains, termed 
fvmi remaim or simply fossils y characterise definite periods 
of the earth’s history, and when a considerable number of 
identical fossils are found associated together in sedimen- 
tary rocks in two widely distant countries, they indicate that 
‘ these rocks were formed about the same time ; at all events 
within such a limited period, that the animals, whose remains 
are found in both, continued to live during the interval. 
Such rocks said to belong to the same formation. Thus 
we have learned that the sandstones of Kh&si Hills 
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belong to about the same period of the earth’s history as the 
chalk which forms the cliffs of the English counties, Kent 
and Sussex, and which is imported into India for writing 
on the black boards of our school rooms and for many other 
purposes. This formation is called the cretaceous formation 
from the Latin word signifying chalh There are other deposits 
of the same age in Trichinopoly and South Arcot, in Southern 
India, and again at Bdgh, not far from Indore ; but these are 
sands, gravels, clays or limestone, in no case chalk. The 
summits of certoin of the mountains bordering the Spiti valley 
in Tibet are also composed of a limestone of the cretaceous 
period ; and since this rock was formed on the bottom of the 
sea, it is clear that these gigantic mountains have been lifted 
up' or upheaved since the cretaceous period. There are but v cry 
few creatures still existing, of those that lived in the creta- 
ceous seas ; and these few are such as live in very deep water. 

In like manner, the limestone containing fossils at tlui^ 
top of the Kh4si Hills, close to Chera Piinji, is found to be of 
about the same age as a portion of the Hala range in Bind ; 
as certain limestones that occur in the Pyrenees and the 
Alps of Europe ; and as the gravels, clays, &c., on which both 
London and Paris are built. Atid the coal beds of Kdni- 
ganj are known to be of the same age as those that occur 
in the Narmada valley, near Obandu, in the Central 
Provinces, aniT in the Nizam’s territory in Bouthern India ; 
and lastly, as the coal of.Newcastlc in Australia. These are 
far more ancient than any of the formations above spoken of. 

It is not in general so easy to ascertain the age of a volcanic 
or granitic rock as that of a sedimentary rock ; nor can we very 
well leaai when any particular rock was metamorphosed. Btill 
in some cases this may be discovered with considerable preci- 
sion. Of the trap-dykes at Raniganj and Bardkar we know at 
least that they are of later age than the coal-bearing rocks that 
they have broken through, but it is as yet doubtful to what later 
period they belong. The great trap-flows of Western India 
partly cover rocks of cretaceous age, and must th^forc have 
been poured forth after these were formed. Moreover, near 
Broach and Surat, certain rocks rest upon them that are 
known by their fossil remains to be of the same age as the 
Chera Pi&nji linftstone, and these contain broken fragments of 
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the trap rocks : therefore the trap rocks are older than these. 
In this case the age of the trap rocks has been determined 
therefore with considerable exactitude. 

Summary, — In this chapter I hare described the principal 
classes of rocks that constitute the superficial part of ihe 
earth ; of the interior we know very little, and that little 
will be more conveniently noticed later on. We have seen 
that most of the rocks have either been formed very slowly 
by deposition at the bottom of the sea, or in lakes and river 
inundations ; the materials being the mud, sand, &c., that are 
worn away from the surface of the land ; or that they have 
been softened or molten or otherwise rendered liquid in the 
interior of the earth, and when liquid have either been 
simply forced into other more solid rocks, or poured out 
over the surface, (sometimes indeed over the sea-bottom), 
and have tlien gradually cooled and become solid. Accord- 
^g to their mode of origin, they may be spoken 
of as aqueous or water-formed rocks, or as igneous rocks, by 
which latter term is meant that they have been brought 
into their present condition by the agency of heat. Rocks 
which have been originally formed by water, but have been 
subsequently softened and altered by heat, without being 
actually liquified, are ^ termed metamorphic. The stratified 
and metamorphic rocks form by far the greater part of 
the earth’s surface, and indicate that eveiy part of the 
earth has at some time or other ^been covered by water. 
Stratified rocks are distinguished by their bedded or stratified 
structure, igneous rocks by their being intruded into othe; 
rocks, or, in the case of certain volcanic rocks, poured out 
over the surface. They are also to be recognized by their 
mineral structure, but this is a matter which can oi>ly be 
studied in the rocks themselves, mere description being 
useless. For this reason I have not attempted to describe 
the different varieties of each class of rocks, but have only 
referred to some of the commonest stratified rocks, such 
•as clay, s4hd, sandstone, limestone, &c. Eveiy opportunity 
should be taken by the student to obtain specimens of these, 
if he cannot visit and examine them in their native sites, 
but he must bear in mind that Uiis, like all oihw p&rts of 
Qeology, can be properly studied only in the» field. 
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In the sedimentary rocks are found the remains of 
creatures and plants that have existed in past times ; and 
by studying their forms, and comparing them with existing 
animals and plants, a wonderful history has been opened 
up to us. From them we have learned that man was not 
always a denizen of the earth ; but is, on the contrary, only 
one of the most recent of its inhabitants ; and while many 
of our most familiar animals are little more ancient than 
he is, others have existed from very distant periods. How 
or when the earth began to be. Geology can never tell 
us ; but wo know that everything on its surface has changed 
again and again. As one kind of creature has died out, 
others have appeared and replaced it, and this has gone on 
continuously and without a break, from t*lie very earliest times 
of which wo know anything. In this grand history, the 
notion of time presents itself under anew and unfamiliar aspect. 
Before the unmeasured past that Geology reveals, our well 
known divisions of months, years and centuries, sink into insi^ 
niiicance. We no longer speak of the life of an individual but 
of that of a species or kind of animal ; and an epoch in Geolo- 
gical language means the duration of a whole creation of living 
things. As in Astronomy, when we try to express in numbers 
the distance of the fixed stars, the figures are such as convey 
no distinct meaning to our minds; sO in Geology, the vast 
periods that h«7Ve rolled away before man appeared, transcend 
all our powers of conceiving them. 

The feeling of the learner as he gazes for the first time 
^ some old Silurian crag, jand tries to realize the story 
told in its contorted strata and rugged surface, abraded 
by the breakers and then half buried beneath the gravels 
of an only less ancient Devonian sea, is such as Playfair 
has recorded, when, standing on a rocky headland of the 
Berwick coast, Hutton traced out the meaning of the 
stony chronicle before them. ^^The mind,” he say^ 
seemed to grow giddy by looking so far into the abyss 
of time; and while we. listened with earnestness and 
admiration to the philosopher, who was now unfolding to 
ns the order and series of these wonderful events, we became 
smsible how much further reason may sometimes go, than 
imagination cansronture to follow.” 



CHAPTER V, 


THE lETEBNAL HEAT OF THE EARTH AND ITS EFFECTS. 

The facts recounted in the last chapter respecting igneous 
rocks have prepared us in some measure to understand 
how new land may be formed. While the action of water 
in thelhiape of rain, ice, rivers, and sea-waves is to wear 
away the surface of the land, and to carry down its waste 
and spread it abroad at the bottom of the ocean ; we have 
learned that, deep in the interior of the earth, there is an 
antagonistic force at work, viz., heat, which softens and 
even renders liquid great masses of stony matter, and then 
forces them into and tlirough the solid rocks above them ; 
sometimes in such volume that they are poured forth in 
thick sheets over the surface. But if this were the only 
way in which now land is formed, it is clear that, with the 
exception of the alluvial plains of rivers, such as that on 
which wo live in Bengal, the only visible rocks would be 
those of igneous origin, such as cover the greater part of the 
Bombay Presidency ; and we should nowhere iind sandstones, 
limestones and the like, full of the remains of marine 
animals, such as enter into the structure of the Khasi Hills, 
the elevated land of Western Bengal, a great part ef 
Central India, and even the lofty peaks and mountain 
ranges of Tibet. The question therefore still remains to 
be answered, — ^liow are old eea bottoms lifted up, so as to 
become part of the highlands and mountains of existing 
continents? 

« To answer this, we must begin by endeavouring to ascertain 
if there are any cases on record, in which land is known to 
«have beeir raised bodily out of the sea : and we may at the 
some time conveniently extend our enquiry, and collect 
evidence on ail changes of the land’s level, including there- 
fore those cases in which land has been bodily depressed : 
for if great movements of this kind tab3 place at all, it 
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may be expected that they will not always be in the same 
direction, but that they will be sometimes upwards and 
sometimes downwards. 

There is at least one case on record in India, in which a 
large tract of ground has been depressed within the present 
century. On the 16th June in the year 1819, a very 
severe earthquake or shaking of the ground was felt over 
the greater part of India. The vibration was felt at 
places as far apart as Khatmandd in Nepdl, Calcutta and 
Pondicherry, but it was of greatest violence in the Province 
of Kachh in Western India. The village and fort of Sindri 
on the eastern arm of tlic Indus were submcrgediX and a 
portion of the tract known as the Run was depressed, so 
that the sea entered an old channel of the Indus, and for 
some years formed a salt water lagoon where the ground had 
previously been under cultivation. The depression has since" 
been in a great measure filled up by the sediment deposh^^d. 
from the Indus, so that the Run is now covered with 
water during only a part of the year. At the same time 
. anotlier tract in the neighbourhood of the Run was 
elevated into a long low mound, which received the name of 
the Allah Band.” Changes of this kind have been known 
to accompany earthquakes not infrequently, and sometimes 
they are more extensive and more striking than the above. 
The southern part of South America has been aflccted in 
this way several times within the last century. Mr. Darwin 
tells us that, in the Chonos Archipelago, the island of Lemus 
•was suddenly elevated eight feet, during an earthquake in 
1839; that in 1835 a rocky flat off the island of Santa Maria 
was, at one blow, upheaved above high-water mark, a height 
of more than 8 feet, and was left covered with gaping and 
putrifying mussel-shells still attached to the bed on which 
they lived; also that in 1822, the city of Valparaiso was 
suddenly lifted 3 feet. 

But the depressions and elevations which take place 
during earthquakes, although more striking otf^ccount gf 
the suddenness of the change, are really less important 
than those movements, which progress so slowly, that they 
are insensible to the inhabitants of the district affected ; 
and are known, only by reference to rocks and similar 
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landmarks, which in the course of many years are found 
to have sunk, or to have risen above the position which 
they formerly occupied ; or by beds of recent shells, the 
wrecks of ships, d^c., being found at considerable heights 
above the sea. Evidence of this kind may be met -with 
around the coasts of India. On the southern bank of the 
Chilka Lake in Orissa, a bed of mud containing shells of 
the same kind that now live in the outlet of the lake, (where 
it communicates with the sea,) occurs at a height of 20 or 
80 feet above the highest level of the water. This mud-bed 
was at one time the bottom of the lake, and must have 
been elllated 30 or 40 feet to its present position, since the 
animals lived, the shells of which it contains. At many 
places along the Madras coast similar beds of shells occur 
a few feet below the soil, sometimes several miles inland, 
and at levels of 10 or 20 feet above the sea. In the exca- 
^^tion of the coast canal that runs to Madras from the Pulicat 
Lake, and thence to Sadras, beds of this kind are exposed ; and 
in the districts of South Arcot and Tanjore are many similar 
examples. The northern extremity of Ceylon around Jaffna,, 
with a part of the opposite coast of Travancore, consists 
entirely of coral-rock, containing numerous embedded shells, 
all of the same kinds as are now living in the sea around 
the coast : and in«. K'atiw4r, beds of similar shells were 
met with by Mr. Theobald many feet abov^ the sea. In 
all these cases an elevation of the coast has taken place, 
producing more or less new land ; and although the people 
preserve no traditions of the event, it is clear that it hasv 
taken place since the sea was tenanted by the same kinds 
of animals that now live in it. 

But it is in South America that evidence is most abun- 
dant of a great elevation of th^ land in quite recent times. 

I have already mentioned the small upheavals that have 
occurred during earthquakes in the present century. But 
these are only minor episodes in a movement that has raised 
^e whole« of Patagonia, Chile, and La Plata to heights 
varying up to 1300 feet. At Valparaiso, for instance, shells 
onci9 living on the sea bottom, are found undecayed on the 
surface of the ground at this height, and at Lima, the 
remains of pieces of woven rashes, decayed cotton string, 
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and heads of Indian corn have been found embedded with 
sea-shells at a height of 82 feet, showing that an elevation, 
to that extent at least, has taken place since the country has 
been inhabited. Mr. Darwin’s observations show, that the 
whole of the southern part of the South American continent 
has thus been equably upraised, in times geologically recent. 
In South America he remarks, everything has taken place 
on a grand scale, and all geological phenomena are still in 
active operation.” 

On a smaller scale, Europe furnishes examples of a similar 
kind. The northern part of Scandinavia has long been subject 
to a slow and imperceptible elevation. Near UddcvalR, shells 
adhering to the rock, as they once lived, were found by Sir 
Charles Lyell 100 feet above the sea ; and marks cut in the 
rocks in 1820 at certain places north of Stockholm, were 
found to be 4 or 5 inches higher above the sea level, when 
reexamined fourteen years afterwards. From all the evidengfl 
that has been collected, Sir Charles Lyell concludes that, 
proceeding from the North Cape southwards to Stockholm, 
the rate of elevation diminishes from several feet to a few 
inches in a century. 

All these observations relate to places on or near coast 
lines, but it is only in such situations that, as a rule, proofs 
of elevation or depression are easily 'olitained. The reason 
is, that all IfMghts are measured from the level of the sea, 
and there are few countries where the heights of the interior 
have been known long enough and'' accurately enough ^ 
■4o enable us to say whether they have undergone any 
change. Only in such cases as that of Patagonia and 
Northern Bcandinavia, where both coasts can be shown to 
have imdergone the same^kind of movement on a great 
scale, can we safely infer tligt the whole mass of the land 
has participated in the mowement. 

Hitherto I have spoken chiefly of movements of elevation. 
But downward movements sometimes occur. They are not 
in general quite so easy to fi^ace, because wheti land hai[^ 
once been covered by the sea, it is not open to examination. 
On the south coast of England and the opposite coast of 
France, there are many places, however, in which the sub* 
merged remains of former forests are exposed when the 
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water falls very low at spring tides; and nearer home I 
have already noticed the occurrence of stems of Sundri troes^ 
exposed in digging tanks to depths below the low water 
level of the sea ; and in the case of the boring at Fort William, 
at 880 feet beneath the surface. The southern part of Sweden 
is known to be gradually sinking while the northern part is, 
as we have seen, rising ; and from evidence drawn from the 
habits of the coral animal and the shape and character of 
coral islands such as the Maldives and the Laccadives, it is 
inferred, that all those parts of the ocean in which these and 
similar islands occur, have been very slowly subsiding, pro- 
bably n^ith intervals of rest, for many thousands of years. 

What is the cause of these great movements, that slowly, 
in the course of ages, work such great changes in the form 
and elevation of the land ? Of this we know very little ; 
little more indeed than that they are in some way connected 
jgith the condition of the interior of the earth ; and are 
probably due to the shrinking of the earth, in consequence of a 
gradual loss of heat. It is now time that we should turn 
our attention to this subject. 

The wanuth or tmperature of the ground surface is 
almost entirely dependant on the heat of the sun, and is 
therefore always greater in the day time than at night. 
It varies as the temperature of the air varies, but to a 
greater degree, for when the sun has been shining upon it 
for some hours it becomes hotter than the air a foot or two 
above it, while on a clear night it becomes colder than the 
air. But this is true only of the surface, A few inches 
below, the difference of the day and night temperatures is 
very much less ; and in the temperate zone, at a depth of from 
8 to 5 feet, disappears; so that at this depth, the temperature 
is the same, day and night, at the same time of year. The 
differeifce of the summer and winter temperatures affects the 
ground to a much greater depth, but at 80 or 90 feet in the 
temperate zone this also disfi|ppears. At Paris, a very deli- 
cate thenmneter* in the cellars of the Observatory, 90^ feet 

* A thermomefer is an instrument for measuring temperature. It con- 
sists of a glass bulb filled witli mercury, having a very fine tube attached, 
which is also partly filled with the fluid metal. With increase of tempera- 
ture the mercury expands and fills more of the tube^d contracts ss the 
temperature falls. 
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below the surface, has marked the same temperature for 50 
years. In Calcutta this point of constant temperature is 
probably much nearer the surface, but no obseirations have 
yet been made in India to determine at what depth it lies. 
Below the level at whicli the heat of the ground is no longer 
affected by the difference between summer and winter, the 
warmth increases the deeper we descend into the earth. The 
increase is much greater in some places than others ; but on 
an average it is such, that it is calculated, that everywhere 
at a depth between 10,000 feet and 20,000 feet, the tempera- <- 
turo is that at which water boils, or would l^il if at the 
surface. 

That the temperature of the interior of the earth is high, 
is further proved by hot springs. 

In the Karakpiir hills near Mdngher there are several 
springs of hot water, gushing out of the earth or from cavi- 
ties in the rocks. One of these, close to Mdngher, is weU*»- 
known as the Sita-Khiind. Another well known spring of 
hot water is one that gushes out at Oangiitri at the source of 
the Ganges, and many others are known in different parts of 
India. All these springs come from a great depth, and their 
beat is derived from rocks deep in the earth, through 
which the water has passed before coining to the surface. In 
volcanic countries, hot springs arc very •common; and they 
occur also amoTig hills and mountains, where tlic rocks have 
been much disturbed at some former period, as is the case 
botli in the Karakpiir hills and the Himalaya. They are 
wever met with in the middle of great river plTiins, where 
the deposits formed by the river are of considerable thickness. 
It would be in vain therefore to search for such springs in 
the rice fields of Lower Bengal. 

But the most striking proof of the high temperature of 
the earth’s interior is afforded by volcanos. A volcano 
is the orifice or opening of a vent or channe], which conf- 
municates with the interior of the earth ; and tlirough which, 
heated water and steam, various gases and stohy matters; 
frequently liquified by heat, are ejected, *iii some cases 
continually, in other cases at intervals of many years ; while 
the intervening periods are periods of rest during which tihe 
orifice is completely or partly closed. 
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In India there is at the present day no active volcano. 
The nearest is that of Barren Island, an isolated volcano 
forming a small island in the Bay of Bengal, not far from 
the Andaman Islands. The accompanying figure is a 
representation of this island, reduced from one given in the 
XXIXth Volume of the Journal of the Asiatic Society. 



It consists of a conical hill surrounded by a ring-shaped 
iiiouutam; and at the summit of the former is an orifice, 
through which sulphurous gases are emitted, and which is 
termed the crater. Both the conical and ring-shaped hill are 
formed of stony matter which has been ejected from the crater 
during former periods of activity ; for there has been no erup- 
tion of this particular volcano for the last 70 years. In 1795, 
Captain Blair describes the smaller central cone, as throwing 
out showers of red hot stones of several tons weight, and 
enormous flumes of smoke ; and Horsburg states that, ir,, 
1803, the volcano was observed to explode every 10 minutes, 
projecting each time a column of black smoko perpendicu- 
larly to a considerable height; and in the night a fire of 
considerable size continued to burn on the cast side of the 
mountain. 

The whole island is formed of the materials thus 
ejected, including melted rock, termed lava^ which has poured 
out from 'the lower part of the mountain, and is now 
solidified as a hard black cindcry-looking mass. The whole of 
the cavity within the ring-shaped mountain is an old crater; 
and the cone within, which is nearly 1000 feet high, has been 
formed by the matters ejected when thee activity of the 



VESUVIUS — ^TUMBOKO. 


63 


volcano had much declined. Were it again to become as 
active as it once was, the first act of the explosion would 
probably be to destroy the greater part of this cone, and it 
might be, even a part of the outer ring, a new crater being 
nerhaps formed in a different spot. Such has been the 
nistory of the well known volcano of Vesuvius near Naples ; 
which, up to the year 79 of the Christian era, was regarded as 
extinct, and covered with cultivation, large towns being 
built around its foot. In that year it broke out again in a 
very violent eruption: a great part of the old ring was 
destroyed, a new cone and crater formed, and the cities 
Herculaneum and Pompeii were completely buried beneath 
the ashes ejected from the mountain. For more than 1600 
years, their existence remained a mere liistorical tradition, 
but they have now been excavated, and not only have the 
public buildings, the theatres, baths, dwelling houses, and 
shops of the ancient Roman inhabitants of Pompeii bees 
laid open to us, with their wall paintings and sculpture as 
fresh as they were 1700 years ago, but all the details 
of their domestic appliances are brought to light p and by 
pouring plaster of Paris into the cavities left by tlie 
bodies of the buried inhabitants, casts have been taken, which 
reproduce the external forms of persons who perished in a 
catastrophe 1700 years ago. That* this city has been so 
completely prc*served, is owing to its having been buried 
beneath the light volcanic ash or dust which forms a large 
part of the ejected matter of volcanic cniptions. Cases afe 
^ record, in which this has been poured forth in such 
vast quantities as completely to obscure the sky. Such 
was the case in the great eruption of Tumboro, a volcano 
in the island of Bumbawa, in 1815. It is stated that 
' ** the darkness occasioned in the daytime by the ashes of 
this eruption in Java, (more than 200 miles to the westward,) 
was so profound, that nothing equal to it was ever witness^ 
iq the darkest night;” and some of the finest particles 
were transported to the islands of Amboyna aitd Banda f 
which last is 800 miles east from the site of the volcano. 
The cinders floating on the sea to the west of Bumatra 
“ formed a mass 2 feet thick, and several miles in extent, 
through which ships with difdculty forced their way,” 
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Volcanos rarely occur isolated. Most frequently they 
are arranged in a linear series, and some of these lines of 
Tolcanos are many thousand miles in length. Thus Barren 
Island is now the northernmost of a line of yolcanos which 
extends the whole length of Bumatra, Java, and through th^ 
smti^er islands Bumbawa, Timor, &c., up to New Guinea. 
Another lino runs through Japan and the Philippine Islands 
to the same point; and a Ihird extends to the eastward, 
through the Solomon Islands to the New Hebrides. In the 
Andes of South America, which contain some of the loftiest 
yolcanos of the world, the arrangement is. of the same 
character, and so also in Mexico. 

Another yery general character is, that most of them 
occur either on islands or at no great distance from the 
sea; and it has been thought that the percolation of 
water to the heated interior of the earth is one of the 
''?U8es which determine eruptions. Vast quantities of 
steam and heated water are among the substances poured 
forth on such occasions, and the expansiye power of highly 
heated fteam is such as certainly might exert the enormous 
explosiyo force exhibited in yolcanic- eruptions. 

Closely connected with yolcanos are those disturbances 
of the ground, which I have already spoken of as earthquakes. 
Volcanic districts ai'c especially liable to them, and great 
eruptions are generally preceded by earthqualces ; as if those 
explosive forces which produce the eruption were struggling 
to find an outlet. But they arc not restricted to the neighbour- 
hood of active volcanos. Some of the most violent, indeedia 
have occurred in places where there is now no active volcano, 
and there are few countries in which slight shocks are not 
occasionally felt. There is no active volcano for instance in the 
neighbourhood of Kachh ; and in Bengal we sometimes have 
slight eartliquako shocks, although as I have already stated, 
there is no volcano nearer to us than Barren Island. Most 
of those that we feel in Bengal proceed from the castwar(^; 
from the Irawadi valley and the country adjacent. One 
which was felt in August 1858, was most severe in Ava, and 
another on the IBth January 1869 was extremely severe in 
Kaoharand the hills to the northward. But below Ava there 
is a large extinct volcano cidled Puppa Doung and another, 
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Hawshiienslian, also extinct, exists in the immediate neigh- 
bourhood of Momien. These prove that, at no distant date, (in 
a geological sense,) the line of volcanos, which now tenninatea 
in Barren Island, has extended far up the line of the Jrawadi 
valley and the country adjacent to it ; an<l the earthquakes, 
which proceed from this region, may be regarded as due to 
the same causes which were onco powerful enough to ju’o- 
duce large volcanos in the same tract. 

An earthquake is a trembling of the ground, a kind of 
molecular wave or vibration, propagated through the solid earth ; 
in the same way that if a long massive bar of iron bo struck at 
one end with a heavy h.ammer,the disturbance is jiropagated 
through the bar to the further end. The original cause is 
])rob«ably an explosion deep down in the earth, just beneath 
the place where the o{irthquake is most violent. Great 
earthquakes are very destructive, especially to buildings ; 
which in slight cases are cracked and thrown out of th» 
perpendicular, and in severe cases, thrown down in ruins. 

One of the most destructive earthquakes of modern times 
w'as that which occurred at Lisbon on the 1st November 
1755. A sound like that of thunder was heard underground, 
and immediately afterwards a violent shock threw down the 
greater part of the city. In the course of six minutes, sixty 
thousand persons perished. The destruction was much 
increased by a gigantic wave, (the effect of the eartliquuke,) 
which rolled in from the sea; the water at first retired and 
laid the bar of the river dry ; it then rolled in, rising fifty 
or more above its ordinary level. This earthquake was 
felt over an extent of the earth’s surface, which Humboldt 
computes to be four times greater than the area of Europe, 
but nowhere with such violence as at Lisbon. 

The phenomena, of which an account has been given in 
this chapter, have their origin in tJie interior of the earth ; 
and the agent is heat. This heat is undoubtedly so groat^ 
that were it not for the enormous pressure of the solid rocks 
that form the surface, (together with that of the great mas» 
of the sea,) everything would be in a molten state; but, on the 
other hand, the pressure is so enormous, that were it not 
for the great heat, everything would be crushed into a solid 
denser and heafrier than copper or lead. What is the 
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actual condition of the earth’s interior, we do. not well know : 
but it is the opinion of some of, our best physicists, that as a 
whole, the earth is a very rigid mass ; for it is computed, that 
were it not so, tides would be produced in the solid earth 
like those of the sea, and observation shows that there are 
no such tides. 

How the mterior of the earth has acquired its high tempera- 
ture, is a question which we cannot well answer from actual 
experience. It has been shown by Fourier, (a very eminent 
French mathematician who lived at the beginning of the 
present century,) that the earth cannot have received this 
intenial heat from the sun, for then it would be hottest at 
the surface ; whereas wo have seen that it becomes hotter as 
we descend towards the interior. The only answer then that 
we can give is, that this heat is primeval, and has existed 
in it ever since the earth acquired its present form. It is 
,,<*piisidcrcd probable, that at some immeasurably distant period, 
long before it was tenanted by living creatures, our globe was 
an exceedingly hot, liquid or even gaseous mass, something 
like the sun on a small scale, and that through countless ages 
it has cooled slowly to its present state. It is cooling even 
now ; for more heat goes away from the surface into space, 
than is absorbed by it from tlio sun ; but this loSvS of heat is 
very slow ; and many hundreds of thousands of years may yet 
elapse, before any considerable effects of the cooling become 
perceptible to its inhabitants. In the next chapter we shall 
see how this cooling results in the production of mountain 
chains and some of these volcanic phenomena, the elevatLn 
and sinking of tlie land, &c., that have been described in this 
chapter. 



CHAPTER VI. 

MOUNTAIN CHAINS. 

In the last chapter I have spoken of only one class of 
mountains, viz., those formed of volcanic rocks. We have 
seen that volcanos are mounds of stony materials, accumu- 
lated round an oriiice communicating with the cartli’s interior, 
from which they have been ejected ; and hence they have 
generally a conical form. Sometimes they occur in clusters 
like the mountains of Iceland, the Azores and Canary 
Islands; but more frequently in long chains, like those of Java 
and the Andes ; and in this, latter case they are frc(picntly 
associated with a more or less continuous mountain range. 
Although mountain ranges are frequently destitute of active 
volcanoes, (for there is no volcano in any of the ranges that 
traverse India, nor is there any in the Alps or Pyrenees 
of Europe,) there is at other times an evident associatidTt' 
of the kind. Even mountains, which, like the Himdlaya, 
contain no volcanic cone, most frequently exhibit here and 
there masses of volcanic rock ; which prove that, at some 
past period, they have been the scat of volcanic activity : 
and the existence of hot springs and the occasional ocenr- 
rciice of earthquakes in this mountain* range, boar testimony 
that tlie power jj^nncrly so active, though subdued, is not 
yet departed or extinct. 

Those who have seen the Himdlaya, ortho Western Ghats, 
tlie Garo, Khasi and Jainiia hills of Eastern Bengal, or tho 
rlttji^es of the Arakan Yoma which run between tlie Irnwadi 
and the Bay of Bengal, will understand what is meant by 
a mountain chain ; and, on a smaller scale, the Rujmahal hills, 
or those of Karakpur which terminate at Mnngher, will 
«?qually serve as examples. A mountain range or chain is a 
tract of elevated and broken ground, generally much longer 
than it is broad, and consisting of one or more ridges parallel 
to each other and to the longer axis; from which ^her ridges 
branch off more or less at right angles. Between each paii^ 
of ridges lies a valley with its stream or river ; which carries off 
the drainage of the ridge on cither side, and is continually 
deepening the valley in which it runs. It carries away tho 
waste of the moititain slopes, in tho form of sand and mud, to 
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spread them abroad over the low plains beyond the mountains 
or to deposit them iu the depths of some distant ocean. 



To understand how a mountain range 
is formed, let us examine the structure 
of a part of the ridge on which Simla 
is built; which will serve as a fair 
example of mountain structure in 
general. Supposing a section to be 
made through the mountains, from the 
outer slope of the Sivaliks to the hill of 
Boj above Subathu, (like some gigantic 
railway cutting,) the appearance pre- 
sented would be much like that shown 
in the accompanying figure.* The rocks 
would be at once recognized as those 
of the sedimentary class, whose mode of 
formation has been described in the 
fourth chapter. But bow changed in 
a])pearancc from the level layers which 
they once wore, when sitt*ead abroad on 
the bottom of the sea. At a, where the 
section passes through the Sivalik hills 
they arc only lifted up and slightly 
inclined ; but beyond,. to the right, as 
we advance from the Dun into the 
mountains, they become tiinied up and 
contorted ; ns if, instead of being hard 
massive rock, they w'ore so many iaj%s 
of cloth, or other soft, flexible substance. 
At 6 the once horizontal layers are 
vertical; at c? and <?, the whole mass 
lias been broken across and dislocated ; 
the rocks on one side of the fracture 
having been lifted up many thousands 
of feet; and at /they are crushed and 
crumpled together, as the leaves of a 
book might be, if placed edgewise 

• Taken from Mr. H. B. Mccllicott^s Report, 
in Vol. Ill of the Memoirs of the Geol. Survey of 
Imlin. I hnve taken the Ul)CTty of completing 
the details dowa to the level of the plains. 
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between the boards of a powerful press. Were all these beds 
of sandstone and clay, (now hardened into dense rock,) 
spread out again, as they once were, in level layers, tliey 
would occupy probably twice the space that now inter- 
venes between the Diin and the Boj (above Subilthu); and 
if we were to continue tlie section through the wdiole chain 
of the Himalaya for some 100 miles, and still further, across 
Tibet to the plains of the Gobi Desert, we should still find 
the same evidence of crushing and contortion. Here then 
is the work of a power, compared to niiich, the greatest 
earthquakes on recoixi sink into insignificance. Since man 
began to record his exj)ericiicc of natural catastrophes, lu* 
one has over w itnessed such gigantic movements of the solid 
crust of tlie eartli as liere stand in evidence. Yet, in a 
geological sense, they arc not ancient; or rather they are very 
recent. In those very rocks, are found the bones of elephants 
and other animals, all indeed extinct, but still such as 
know to have lived only in the latest ages of oureaiih: 
it may be that even men have witnessed them; but if so 
they lived long anterior to the dawn of existing tradition. 

If then we desire to ascertain how these changes came about, wo 
musthav c recourseto some source of informat ion oiherthan those 
of history. We must endeavour to find out what power there 
is in nature competent to produce them; awl having found such 
a pow er, we miisinjxamiuc wdietherthc effects w’^e have observed 


arc such as might be cxixjctedfrom what we know of its action. 

There is such a power inthc? 

^ force which draws 

every part of the earth towards 
centre; if we suppose? 
m means, the interior 

m ll o^Ihcearth]mscontracdcd,and 

11 fll ^ ceased to afford a complete? 

ffl supjiort to the solid layer that 
MJ forms the cxtcmarshell. To, 
render this idea clear, let us 
suppose that the accompany- 
figure represents a section 
■jT/r ft of the earth, cut in half, and 
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f^xposing a a, the external shell, and h h all that lies within it. 
Next let us suppose that, from some cause, which has yet to 
be assigned, the interior portion h h shrinks so as only 
to occupy the shaded space, while the shell is affected by 
no such shrinking, or is at all events less shrunken. The 
shell will then be left partially without support ; and 
under the influence of gravitation, it must somehow 
adapt itself to the diminished size of the core. It can 
do so only by acquiring a diminished surface, which 
will be effected • somewhat in the manner represented 
in Pigs. 9 and 10, which represent a small portion of the 

shell and nucleus. It is 



evident from the figures, 
that the portion of the 
^ shell a a must somehow 
squeeze itself into thenar- 
' rower space at do; and to do 

so, either it must undergo 
fractui’o and some portion 
of the fractured mass must 
protrude beyond the rest, 
ns shown in Fig. 9 ; or 
else, if flexible, it may be 
cnimplcd up as represented 
in Fig. Most probably 
the adaptation will be 
effected partly by fracture 
and dislocation and pattly 
by contortion. Now let us 
turn back to Fig. 7. Here 
we have fractures and 
dislocations of the same 


to* kind as in Fig. 9 — and, in 

.the intervals, the bedded rocks are contorted just as we 
should expect from their having to adapt themselves to a 
diminished space. Such is the general character of mountain 
ranges ; and we must, therefore, regard them as portions of 
Uie earth’s surface, which have been broken and crumpled up, 
in a manner such as would follow from the shrinking or 
contraction of the interior. Thus wemayt^have a portion of 
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the surface, that has for ages been level, thrown up into a 
series of ridges, producing ranges of inountains as lofty as 
the Himalaya and the Andes. Another effect of this contor- 
tion and squeezing is a great change in the character of 
the rocks, viz,, that which was jdcscribed in the fourth chapter 
as inetamorphism. The rocks have been so heated^ by the 
pressure that they have become softened and partially fused ; 
and when cooled again, very hard, comjmci and crystalline. 
In the HimiUnya it is only on the Hanks of the chain, viz,, 
in the neighbourhood of thcGangetic plains on the south, and 
in the valleys of the Spiti and the Sutlt'j on the north, 
that the rocks retain much of their original characters 
distinctly as water-formed de|x>sits. All the great inter- 
vening mass, including the loftiest snow-covered peaks, 
consists of metamorphosed crystalline rocks, and such is also 
the case in the Al[)s, the Andes and otlier great mountain 
chains. Here and there, masses of granite and other rocks^^* 
the same class, breaking through the fractured and contorted 
gneiss, show that, in some cases, the heat aided by water has 
been snfliicient to liquify the rock; and elsewhere, intruded 
rocks of the volcanic class bear witness to a similar action. 

Paradoxical as it may seem, the structure of inountains 
show's us then, that they have been ja’oduced by crushing; 
by the necessity that some ]K)rtion* oli the earth’s surface 
shall accommdTlate itself within narrower limits; in con- 
sequence of which, that which is in excess, is squeezed up 
above the general level. This may form one or many 
' pii’allcl ridges, according to the magnitude of the crushing 
and to the extent of tlic country affected. In the case of 
the lliimilaya there are many parallel ridges ;♦ and the wliole 
of them may be regarded Jis forming only the southern 
l)order of a much more, extensive elevation, the table-land of 
Tibet. It must not be supposed that the great movements, 
by wliicb such mountain masses arc produced, take plaoc 
all at once. In the case of the Himalaya, for instance, it 
can be proved that the .same kind of movement In^ 
been repeated again and again, at long intervals; so that 
sedimentary formations which w'cre formed of the waste 
of the primitive ranges, have been tbcmselvcs lifted up 
• See Chapter XI. 
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and contorted during later movements. In the next and 
following chaptersy we shall have more to saj about the 
wearing down to which they arc and have been subjeeted; and 
in oonsequence of which,, they and all existing mounlams 
present an appearance very different from that of the broken 
masses which would result immediately from such a process 
as 1 have described. « 

Wo must now turn our attention to the cause of the 
earth’s shrinking, which I have hitherto only assumed as 
the ulterior cause of the formation of mountains; and we 
must bear in mind, that it is not the mere fact of the 
shrinking, that wo have to account for; but that to produce 
the effects described, this must take place unequally, and 
the interior must contract more than the surface. In the 
description, and Figs 6, 9 and 10 on a previous page, 
I have supposed, for the sake of clearness, that the external 
shell is quite distinct from the inner mass, and that the 
'Talter contracts as a whole, so as to separate itself from 
the shell, which remains uncontracted; . lastly, that the 
breaking up and falling in of the shell takes place subse- 
quently as a distinct and independent movement. This 
of course is really not the case. The shell could not remain 
for an instant unsupported as it is represented in the 
dguro, and must < accommodate itself to the contracted 
nucleus, as fast as the latter contracts. But*the final result 
will be the same. 

The only cause we know of, competent to produce sucli 
on unequal shrinking, is that mentioned at the end of ike' 
last chapter, ri>., the loss of heat. A very familiar 
illustration of the shrinking of a cooling body may be 
seen in any blacksmith’s shop. When w blacksmith makes 
an iron tire for the wheel of a bullock cart, he makes it a 
little waller than the wooden wheel to which it is to be 
$tted. He then covers it with burning cow-dung, and 
when thoroughly hot puts it on the wheel. > The heat 
.expands itf and it now fits easily, finally ho cools it by 
throwing cold water upon it, causing it at the same time 
to contract to its former sise; and, in so doing, it closes 

« on the Giroumference of the whed add sqtieeses 
parts firmly together. With veryrfew exceptions, 
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all substances expand in like manner when they are heated, 
and contract when cooled. If, therefore, it can be idiown 
that the interior of the earth is cooling, while the surface 
remains always of the same tehiperature, or nearly so, wo 
shall haye just the state of things required to produce those 
disturbances of the surface that have been described in this 
and the previous chapters. 

Now wo know from experience, that whenever two parts 
of one and the same body are unequally hot, heat travels 
from the hotter to the colder part. In some cases this flow 
of heat is rapid ; in others it proceeds very slowly. If we 
take a bar of iron, or still better one of copper, and put one 
end in the dre, bef^ore very long the heat will have travelled 
along the bar, so that the end furthest from the fire will 
become too hot to hold. If however a number of bricks 
be built up with mortar or clay in a furnace wall and a fire 
be made inside, it must bum a long time and very fiercgly 
before the bricks become too hot on the outside to be 
touched ; and this will be due to two causes : one is that 
heat travels through a brick much less quickly than through 
a metal ; and the other, that the outside being exposed 
to the air, the heat is thrown off from it almost as fast as it 
reaches it; so that the outside remains but little warmer than 
the air. 

But if one 8f the bricks be removed from the outside 
of such a wall, the interior will be found quite hot ; showing 
that the heat has penetrated it. Now, for the furnace 
*widl, lot us substitute the highly heated interior and cool 
shell of our earth. The heat of the former must travel 
towards the surface, and on reaching it must bo thrown off 
into free space. The surface always remains therefore at 
much the same temperature. All the lieat that it receives 
from below is at once lost, and were it not for that'< of the 
sun which it received during the day time, it would be m 
intensely cold, that no living thing could exist upon it. 
But it is maintained at a moderate degree orVarmth b> 
the sun, and as this varies but litfle from year to year, or 
as far as we know, from century to century, it undei^es 
but littlo change on the whole, while the interior of the 
earth is always feeing heat, or cooling. 
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The train of obserration and reasoning which wo have 
followed in this discussion of the causes that produce 
mountains, is a good example of that followed generally in 
explaining the phenomena of nature. Let us briefly sum 
up its le^ing points. First of all, we learn by examining 
the structure of mountain chains, that they are composed of 
rocks, a great part of which have at one time formed level 
layers at the bottom of some ocean ; that in mountains, 
these are contorted and broken in a manner that proves 
them to have been squeezed into a space less than that 
which they must once have occupied. And reason J;ells us 
that, as the surface of a small ball is less than that of a 
large ball, such an effect would follow, if the outer layer 
of a larger ball were forced down upon the surface of 
one which is smaller. In the case of our earth, if the 
interior were to shrink, while the outer shell were not 
qp affected, gravitation would constantly force it to adapt 
itself to the diminished size of the fonner. And finally 
our knowledge of the manner in which heat is propagated 
from the heated end of a bar to the cool end, and 
therefore from the heated interior to the cool surface 
of our earth, whence it is radiated away into space- 
combined with the further fact, that with rare cxccp» 
tions, all cooling ..bodies shrink as they cool, — assures 
us that the interior of the earth must be contract- 
ing, and that the outennost part of the shell does 
not [so contract, except under the influence of 
gravity. 

From all this it follows that our earth must once have 
boon larger than it now is, and that it will some day be 
smaller. Undoubtedly it is so; but the change is a very 
slow one. The mountain ranges on its surface are the cracks 
and ridges that have been produced by its contraction; 
and since there are other causes at work, which we have 
yet to study more in detail, which ore always wearing 
,down all h regularities, we might conclude that the most 
ancient mountains must long ago have been worn down 
to low hills, and that the loftiest mountains are some 
of the most recent. Geology assures us that this is 
so. 
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The causes that we have found to explain the fonnationof 

mountains, will also explain 
those gradual upheavals and 
depressions of the surface, 
described in the last chapter. 
Let a a represent a portion of 
the surface evenly covered 
with water; and, in conse- 
quence of the contraction of 
the earth’s interior, let it be 
forced to accommodate itself^ 
within the smaller space d d. 



Fig, II. 


If the difference be not very great, this portion of the 
superficial crust, instead of being contorted or broken up, 
may be simply bent into the double curve represented in 
the figure. Dry land, a portion of a new continent for 
example, will emerge at h; and at c a deeper depressjpn 
will be formed, in wliich all the water will accumulate. ]^w 


it has long been observed that when any great tract of land 
is being upraised, there is, as a rule, at no great distance, 
another tract undergoing depression. While the north of 
Scandinavia is rising, the south is being depressed ; and 
Mr. Darwin has shown reasons for inferring that, in the 
Pacific Ocean, the line of volcanic fsla^ds mentioned in tlie 
last chapter, v^nd consisting of New Britain, the Solomon 
Islands and the New Hebrides,) arc undergoing occasional 
slow elevation ; while, on either side, the existence of coral 
itkinds of the kind termed atols and harrier reefs, gives evidence 
that gradual depression is in progress. On the north are the 
Caroline Islands, the Marshall Islands, d:c., and on the south 
the Lonisiade, New Caledonia, and the great barrier reef 
off the north-east coast of Australia, btill nearer home, 
we have another example. The east coast of Arabia has 
been raised above the sea, at a period geologically speakiag 
recent; while the existence of the Laccadives and Maldives 
and other groups of coral islands to the sotith of thes^, 
show that the North Indian Ocean has become of greater 
de]^h than formerly. 

Before we quit the subjects treated of in the last two 
chapters, it regains to show how the contraction of the 
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earth and the ^consequent distortion of its cmst may 
give rise to volcanic eruptions, and produce that metamor- 
phism of the central parts of ^reat mountain chains which 
we have seen to be their general characteristic. 

It has long been known to physicists, that if any substance 
bo placed under great pressure, it becomes heated. Dr. 
Tyndall showed some years ago, that ice, for instance, can be 
melted by squeezing it under a powerful press ; and the fact 
that ])ieccs of metal are heated under the like circumstances 
Js well known to all persons who have to deal with power- 
ful machinery. The crushing force by which mountain 
masses have been elevated, must therefore have produced 
heat proportional to the intensity of the pressure, and Mr. Mallet 
has shown, by experiments on different kinds of stones, that 
this has been sufficient to metamorphose the rocks, ( already 
perhaps at a high temperature owing to their depth below the 
surface,) and even to melt them in those central parts of the 
chain, where, as a rule, the lowest rocks have been thrust up 
to the surface. In this way, probably, may bo explained the 
fact noticed above, that the central parts of great mountain 
chains are generally formed of metamoridiic rocks. 

I cannot better sum up the teachings, and point the 
moral of these two chapters, than in the words of Sir ♦lohn 
Herschell. The land,” he says, ‘‘ is maintained in its elevated 
position by internal force, locally exerted, alid varying its 
locality from ago to age, .... Wliatever be the 
nature and ultimate origin of that force, it is manifested to us 
from time to time in tlio volcano and the earthquake, whkK. 
thus wo learn to regard as very far from purely destructive 
arrangements in the great scheme of nature; since without 
the agency of which they are part and parcel, there would 
by this time have been no dry land whatever. The fact 
that all our present continents consist of beds or strata, 
which have resulted from the destruction of former ones, 
and the distribution of their materials at the bottom of the 
sea; and on granitic masses, forcibly thrust up thi-ough 
those strata, disturbing and dislocating them ; leads direct 
to the conclusion that, had the primeval world been con- 
structed as it now exists, time enough has elapsed and force 
enough, directed to that end, been in activity, to have long 
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ago destroyed every vestige of land, but for the reproduc- 
tive efficiency of those internal forces bringing up con- 
tinually new lands to replace the old.” 



CHAPTER VII. 

ICE AND SNOW'. 

No single mountain range now presents to our eyes the aspect 
it must have had, when newly upheaved, a contorted and 
fractured mass, under the enormous pressure of the contract- 
ing crust of the earth. Lofty as are still the snow-capped 
peaks — ^Mount Everest, Kanchinjinga, and Doulagiri — 
they have all been wasted under the eroding tooth of frost ; 
and began to contribute their quota to the soil of the 
Bengal plains and the sediment of the ocean, from the 
very first moment of their upheaval. Destruction and 
renovation arc the law of the insensient rocks, not less 
tb*',n of our own bodies and other living things. I have 
briefly sketched out the latter f let us now turn our 
attention to the former process. 

The agents by which mountains and continents are 
planed down and destroyed, are water and a gas ; water in 
its several forms *of ice or frost, springs, rivers, and the 
ocean; and a gas which exists in the atmosphere and is 
called in chemical language Carbon dioxidCy and when dis- 
solved in water Carbonic acid, ^ Of these, water is by far 
the most important and the most varied in its action, and 
it is only in the presence of water, and when dissolved in 
it as Carbonic acid, that the latter takes part in the worlr\/f 
destruction. The vehicle of both is the atmosphere. 

We have s^en in the second chapter, how water vapour 
is taken up by the winds from the surface of seas, lakes and 
rivers, and from every humid surface on the land ; and is 
then precipitated by cooling in the several forms of cloud, 
«now, rain, hail, dew and hoar frost. We have seen too, 
that much of this precipitated water is gradually collected 
m rivers aifd so brought back to the sea. We have now to 
follow it through its various transformations and channels, 
in fhe interval ; noticing the work it does by the way, in 
modelling the surface, in nourishing the verdure that clothes 
it| and in rendering it habitable andlovely.r 



GLACIERS. 


79 


On the higher mountain summits, where the temperature 
of the air is always at or below the freezing point, all the 
vapour that is condensed from the atmosphere falls in the 
form of snow. Since this is a solid, it cannot flow off like 
rain ; it lies where it falls or is drifted by the wind, and 
accumulates in vast masses in the hollowa^f the moun- 
tain flanks, forming what is termed by Swiss mountaineers, 
the nev^. Under the rays of the sun, the surface is sometimes 
melted in the day time ; and sinking into the mass beneath, 
is again frozen ; so that, in the course of time, the lower 
parts, pressed upon by the superincumbent weight of the 
later snow-falls, become compacted into ice. Lying, as it 
does, on the steep slopes of the mountains, the n^ve gravitates 
gradually downward, and collecting in the loftier parts 
of the valleys, eventually fonns a river of solid ice termed 
a glacier. All the higher valleys of the Himiilaya and 
the Alps are occupied by such glaciers, many hundreds 
of feet in thickness, and sometimes many miles in length. 
One that descends from the Karakoram range separating 
Tibet from the plains of Ydrkand, is not less than 30 miles 
long. The rate at which a glacier moves varies with the 
slope; being most rapid when the slope is steepest, and 
slower on a gentle incline. The, central parts of the 
mass move more rapidly than the* sides and bottom, 
which are retarded by friction against the rocks. In all 
these respects it moves exactly like a river, adapting itself 
to the windings and irrcj^arities of its valley by 
cdlTlstant fracturing and refreezing. But the motion is 
necessarily slow ; so much so indeed, that it is only to be 
detected by observing from time to tim% the position of 
objects, such as stftves fixed in the ice, or the large masses 
of rock which are frequently carried down resting on the 
surface. In this way it has been found by the accurate 
measurements of Dr. Tyndall that the rate of glacier motiofl 
varies from fl'io 36 inches in a day, on tka^lii^r de Glace, 
one of the largest glaciers of Switzerland. 

Though the summits of those lofty mountains which give 
birth to glaciers are in great part covered with they are 
not quite concealed. Here and there a mass of splintered 
rock raises itself bare of the white coverlet, and the greater 
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part of the snow that from time to time falls upon it is soon 
melted beneath the rays of the sun. Some of the water 
so formed penetrates the wahned rock ; and in the night 
time or in the winter, when the sun’s heat is less power- 
ful, it freezes in the minute crevices which have allowed 
it entrance. Now ice occupies more space than the 
water which it yields when melted ; and in freezing, water 
expands with enormous force. In some experiments made 
by Major Williams in Canada, bomb-shells filled with 
^ water and then tightly plugged and exposed to an 
atmosphere much colder than that at which water freezes, 
either had the plug blown out to a great distance or were 
rent In pieces by the expansive force of the freezing water. 
In like manner, the rocks exposed at great altitudes become 
cracked and splintered by the frost ; and from time to time, 
masses varying in size from a mere hake up to boulders 
fMAiny times larger than a house, arc detached and fall on 
the surface of the moving glacier. Tims ice-borne, they are 
cofried down to lower levels; and eventually, are either 
lodged on some projecting crag by the way, or deposited on 
the mound of loose rocks that is always formed at the 
extremity and sides of the melting glacier ; such mounds are 
termed moraines. They are met with in the Alps and the 
Him^lnya at levels far below those to which glaciers now 
extend ; and, in conjunction with other indications of glacier 
work, prove that, in former times, the glaciers in both these 
mountain ranges far exceeded the dimensions of those that 
still exist. In Bikkim, such accumulations of ice-beiTa^e 
blocks are found at about 6,000 feet above the sea; and in 
the Kangra valleijr, in the North-Western Himdlaya, down 
to 8,000 feet above the sca-level. The glaciers of these 
mountains do not now reach much below 10,000 feet. 

Glaciers exert a great cutting power. The exposed rocks 
’bver which they have passed (however hard) are found to 
have been srroti^id down to a polished and flattened surface, 

' frequently scored and grooved by the friction of still harder 
pebbles, which, firmly frozen in -the ice, have been forced 
onwards with the moving mass. Buch polished surfaces are 
termed roohes montouiiies. Many of the Himdlayan and 
^pine valleys have thus been excavated is. a great measure 
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by the friction of ancient glaciers : the waste of the rocks^ 
in the form of fine sand and mud, is earned away by the 
stream to which every glacier gives birth*. The great rivers 
of the Himdlaya, and all their affluents that originate in the 
snowy range, take their rise from glaciers ; the Ganges for 
instance in that of Gangfitri, the Jamna in that of Jomnotri, 
and the Tista and its tributaries in the nnmerous'glaciers tliat 
seam the fianks of Kanchiiijinga, Chomiomo and Donkia. 

It is evident that glaciers can be formed only in those 
regions, where more snow falls than the summer sun is able 
to melt ; so that much of that which falls during one winter 
season lasts, till added to and covered up by that of tho 
succeeding winter. On the southern slopes of the Himd- 
lay a, this is the case qnly at elevations above 16,000 feet. 
At lower elevations, all that falls is melted during the 
summer time, if not before, and goes to swell tho rivers which 
drain tho lower valleys. The line, above which snow lifts 
throughout the year, is called the simtyline. On the northern 
slopes of tho Himdlaya it is at a greater height than on the 
south, m.j about 20,000 feet. This is because, altliough 
colder than the latter, the northern slopes and the mountains 
north of tho great snowy range receive much less snow. 
All the vapour that yields it is brougjit by southerly winds 
from the Bay of Bengal, and, (in the North-Western 
Himdlaya,) fronT tho Arabian sea; and by far tho greater 
part of this vapour is condensed on the southern slopes of 
the mountains, especially the towering peaks of th% great 
rdngn. On reaching Tibet, the winds therefore are com- 
paratively dry ; and their dryness increases the further they 
penetrate towards Central Asia. Thus is explained tho 
extritne aridity of Tibet and Chinese Tartary. 

In other countries, the snow line descends tho lower, the 
higher the latitude, or the greater the distance from the 
tropics. In the Alps it is found at 8,500 feet ; in the Altai 
of Central Asia at 7,000 feet ; in the mounta^ of Norway 
fthe Dovre f^'eld) at 4,000 feet; and further north it 
descends to 2,800 feet on the western face of Bcandinaviai 
which is exposed to the moist winds from the Atlantic. 
Nearly 4,000 square miles of the mountain area of this 
CQunti^ are abowe the limits of perpetual snow. Lastly^ 

o 
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Splizbergen, witbin tKe Arctic circle, is corered with 
perpetual snow and ice down to the sea level. 

In this last named region, the excess of the accnmnlated 
snow is carried off by glaciers just as in the Himalaya, but 
they form no moraines. In this cold climate, the glaciers flow 
down to the .sea ; and arc pushed out into a depth of water, 
such, that the whole mass eventually breaks up and floats 
away. Ice is lighter than water, and when floating in salt 
water about one-ninth projects above its surface. Hie 
gigantic masses which detach themselves from these Arctic 
glaciers are thus cairied away by the marine currents which 
bring the cold water of the polar regions towards tlie 
tropical zone; on the coasts of Newfoundland, the current 
that issues from Bufllu’s Bay is frequently laden with such 
floating islands of ice, gradually melting in the warmer air 
ns they proceed on their slow journey, and hence assuming 
tile most fantastic forms. They are termed ioeherys. Splinters 
and blocks of rock, which, in common with the glaciers of 
warmer latitudes, these Arctic ice-streams carry down, and 
the mud and sand which, by friction, they have abraded 
from their rocky beds, are borne away on the floating 
iceberg, and as the ice gradually melts, are deposited at 
the bottom of the seav 

The midland counties of England, the eastern part of 
Ireland, and the plains of Northern Germany and Russia, 
are in many parts covered by a con.sidcrablo thickness of 
clay, ctntaining largo blocks of stone termed boulders, and 
hence termed the Boulder Clay. The origin of this TSiay 
was at one time a great puzzle to Geologi.sts ; the more so, 
that it was observed that the contained boulders were unlike 
any rock that occurred in the neighbourhood ; and appeared to 
have come from mountams many miles distant. In England 
^they seemed to have been derived from the mountains of 
Cumberland and the Highlands ; in Germany and Russia 
from the more.’ ‘uistaut mountains of Scandinavia; yet they 
' are of such size that it is manifest no ordinary power could 
have transported them. At length it was observed that all 
these mountains, down to very low levels, bore indications of 
former glacier action ; the moraines, roches montonneea and 
grooved surfaces, exactly like those so generally observed 



ICEBERGS IK AKCIBKT TIMES. 88^‘" 

OR tlie Alps. Here then Tias the solution of the difficultj. 
Tlie boulder clay is distinctly a marine formation ; for in 
some places, though rarely, it contains marine shells. When 
it was being formed, all the lowlands of Northern Europe 
(and we may add Asia also) were covered by the sea; and 
icebergs, drifting from the mountains which still remained 
above water, coiTied down rock masses and mud, like the 
modern icebergs of Baffin’s Bay ; strewing them, as they 
melted, over the sea bottom. The period during which this 
took place is termed the Glacial Perio^ and immediately 
•preceded the existing state of things. 

Strange as it must seem, and indeed inexplicable with our 
present knowledge, it would appear at least probable, that at 
a very distant period of the earth’s history, something of the 
same kind has taken place in tropical India. At the very 
bottom of that great series of sedimentary rocks, which 
contains the coal beds of Haniganj, Chutia Nagpdr anS 
Central India, there is a bed of rock boulders embedded in fine 
innd, strangely resembling the boulder clay of the British 
Isles. This resemblance was noticed by Mr. W. T. Blanford 
as long ago as 1856, and he ventured then to speculate on the 
possibility of the deposit having been formed by tlie agency 
of ice. Only last year, ( 1872) a boulder^was exhumed from 
this bed by Dr« T. Oldham, flattened and marked with 
grooves and scratches exactly like those brought down 
by modem glaciers. This remarkable block is now in the 
Go^niment Geological Museum of Calcutta, and is cer- 
tainly not the least interesting object in that magnificent 
collection. 

I l^ave hitherto sppken only of those perennial accumula- 
tions of ice and snow, that are to be met with on lofty 
mountains and on the land of the Polar Regions. But in all 
countries where the winter temperature remains for many 
days or weeks below the freezing point, snow and ice 
accumulate ; and sometimes large rivers andTSkCMiro frozen 
over to such a thickness, that they may be traversed by tneii 
and vehicles ns if they were dry land. The pure transparent 
ice, many shiploads of which are brought annually to India, 
is collected from the surface of the American lakes, vrhich 
are frozen to the &epth of several feet every winter. 
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In Canada, Northern Europe, and Northern Asia, the 
landscape, for many weeks and even months of the winter 
season, presents the aspect of a vast expanse of snow : the 
trees, bare of foliage, with the exception of the dark pine 
forests, are laden on every branch and twig with a snowy 
burden ; and the pines, whose needle-like leaves hold it in 
larger masses, bend beneath the weight of their pure white 
canopy. The treeless steppes of Asiatic Russia become 
a howling wilderness of snow; and when storms arise, 
travellers are sometimes overwhelmed and buried in the 
drifts. But in fineSreather, even when thus covered, they 
are easily traversed. The snow, when beaten hard and 
frozen, offers a smooth surface ; over which vehicles, called 
sleighs, running (not on wheels but) .on wooden bars shod 
with iron, are propelled with a speed and ease unattainable 
on the best metalled road. The rivers, bound fast with a 
covering of ice, beneath which a dark silent stream carries 
down the yet unfrozen waters, offer a natural roadway, and 
wrapped in furs to protect him against the bitter cold, the 
traveller s|)ceds on from stage to stage ; where double 
windows and the never-extinguished stove keep up a 
pleasing warmth, and ensure a genial resting place in the 
heart of the wintry waste. 

In the spring, wHh a rising temperature, J^he snows melt; 
the rivers, freed from their icy bonds, become gorged and 
swollen with the accummulated drainage, thus suddenly set 
free ; and overtopping the banks of their summer channels, 
submerge the surrounding flats. In the sub-arctic ancr the 
colder parts of the temperate zone, the spring is therefore 
the season of floods ; and in some degree such is the case 
with all rivers and streams that are ffe’d by winter snows. 
The Indus, which derives its waters almost exclusively from 
the mountains, and chiefly from their melting snows, is an 
^Indian example of such a river.^ 

In the jJiretAti Regions, not only is the land covered with 
ice and snow, but the sen itself, is sometimes frozen. Salt 
water, however, requires greater cold than fresh water to 
freeze it ; and when it freezes, the ice that is formed is free 
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from salt ; the salt being, so to speak, squeezed out in the 
act of freezing. 

In all cases in which the sea or deep lakes and rivers are 
frozen, the ice is formed only on the surface ; and with the 
exception of icebergs, which are of foreign origin, it is rarely 
veiy many feet in thickness. In the case of fresh water lakes, 
this is owing to a peculiar property of water. Pure water, 
on the point of freezing, is lighter than that which a littlo 
higher in temperature ; and when therefore it has cooled down 
to this latter degree, the very cold water floats : and since 
heat passes through water very slowly, that which is below 
cools no further until the upper layer is frozen. As a 
consequence, the greater part of the water below the ice 
sheet that forma on the surface of a lake, remains somewhat 
warmer than the latter, and the ice sheet first formed 
thickens but slowly. In rivers this is not the case. The 
water being in motion has almost the same temperature j>s 
the ice formed from it. Moreover ice-cold water in freezing 
has to part with a large amount of heat, in the mere act of 
freezing; and this can only escape upwards through the ice 
already formed. Sea water again behaves in a different 
manner. As already mentioned, it requires a greater degree 
of cold to freeze it at all than fresh water, and the ice formed 
by it is relatively much lighter. It floats therefore, and as 
in the case of rifers and lakes, by the opposition that it 
offers to the passage of heat, it checks further freezing. 
Moreover, in all these* cases, snow falling on the surface of 
fcef4ies unmelted, and offers even greater resistance to the 
passage of heat than the ice itself. In the same way the 
snow that falls on a land surface, covered with vegetation, 
protects the plants from the intense cold of the air, while a 
certain amount of heat reaches them through the solid earth 
from below. Thus plants which would be killed by frost, 
may bo protected and preserved through a severe wiptcr, by » 
thick covering of snow ; and when it melts jjjid cr the rays of 
the spring sun, they are ready to put fmlT^eir young, 
leaves and to open out with renewed verdure. 

From what has been stated above, my readers will under- 
stand, that however little we experience of their effects in 
India, ice and ^now play a very important part in the 
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economy of the world. On high mountains^ even in the 
tropics, and on the low hills of the Polar Regions, ice and 
frost help in the work of wearing away the rocks : and in the 
form of glaciers and icebergs they carry down to lower 
and even to the sea bottom, the waste of the land>siirfaco. 
Snow becomes destructive only when it becomes compacted 
into ice ; or when, accumulating in vast drifts, it buries men 
and animals, who may be overtaken by the wintry storm in 
some unprotected waste. At other times, and more fre- 
quently, it subserves a useful and beneficial purpose, in 
covering and protecting vegetation from destruction by cold ; 
and in affording a smooth surface, over which men and 
vehicles can travel almost with more facility than on an 
ordinary road. 
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THE HISTORY OF A RIVER. 

In the Introductory Chapter we learned, from a simple 
observation, that rivers derive their supply of water from 
the rain which falls on the surface of the land ; and from the 
descriptive survey of the phenomena of snow and glaciers* 
in the foregoing chapter, wo have further lennied, that an 
additional source of supply is the snow which falls on the 
summits of high mountains and on the plains of cold coun- 
tries; and which, after remaining for a longer or shorter 
period in the solid fonu, is melted under the rays of the 
sun, or by the warm winds that set in with the returning 
spring. We must now cuter somewhat more into the detuils 
of this subject, noting the different modes, direct and indirect, 
by wliich the waters thus provided arc gradually collected 
in the channels which carry them to the sea ; and also the 
work performed by rivers in excavating those channels, and 
in wearing down and shaping the general surface of the 
land. 

For our firsUexample, we will take the case of a river, such 
as the Mahunadi ; (any other large river of the peninsula 
would do as well ) ; a river, no feeder of which comes from a 
Cjold and snowy region ; and which is, tliereforo, supplied solely 
by rain and the waters which issue from tlio earth in the 
fonu of springs. Take any good map of the country ; (of 
preference one of« those skeleton maps issued by the Sur- 
veyor Geucral’s Office in Calcutta ; on which, being unen- 
cumbered by the names of places, the course of the rivers 
can be the more clearly seen) ; and observe the ramifications 
of this river and its tributaries. The general arrangemejit, 
as laid down in the map, reminds us 8oiif^k«t,of a tree or 
shrub, stripped of its leaves, and with the roots partly 
drawn out of the ground. Only at one part of its course, and 
that for a short distance, are all its waters contained in a 
amgle cbaoneli^ wliich we may take to represent the trunk of 
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the tree. This is above the town of Katak, where the river 
issues from the hill country. Above this, the main stream 
may be traced far up into the coiintry, but becoming less ^nd 
less the further wo follow it inland. On both sides, it receives 
numerous tributaries from the country around ; and if any one 
of these, the Til for instance, be followed up in like manner, 
we see that, like the main stream, it is continually receiving 
minor subsidiary branches ; the whole being not unlike 
the twigs and smaller branches on the bough of a tree. 
Observe too, that when once they have united to form one 
stream or river, they do not again separate ; but continue as a 
single stream, until the contents of the whole are collected 
in the main river, some distance above the point at which we 
coramenced our survey. Now let us trace it downwards. At 
the point where Katak is built,* it divides into two main 
branches, and each of these in its turn gives off others ; the 
main channels becoming smaller and smaller as they 
approach the sea. It is something like a reversal of the 
former picture. Something, but not quite: for the subor- 
dinate channels, into which the main stream branches out, 
do not in all cases preserve an independent course. Many 
of them after a time reunite, so that the whole system may 
be compared rather to the meshes of a net than the ramifi- 
cations of a tree ; and the channels that finally reach the sea, 
though numerous, are not so numerous as they are^a littlo 
way inland. 

Wo thus recognise a marked distinction between the 
upper and lower portions of the river. In the one, all iie • 
streams converge or run together ; and the waters from all 
parts of the country are collected step by step and united 
in one main channel. In the other, th« channels diverge 
or rather reticulate, the waters being distributed between 
them : and when the river is unusually full, part of the water 
Q^ay even leave these channels and spread far and wide over 
the country. These two tracts are therefore distinguished 
ns the colleoti«<grl>^ound or catchment basin and the alluvial 
tract or delta of the river. The first is almost always muah 
the larger. 

These differences of the river’s character depend on, and at 
tlio same time afiect, the form of the lam^s^ace. Above 
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Katak the country is cither very hilly, or where, as in 
GUatisgarh, hills are absent, gently undulating, — ^never 
absolutely flat; and every river flows at the bottom of a 
long depression termed its valley. . Among hilts, this valley 
is generally very narrow, and bounded by steep, sometimes 
rocky sides. Such is the case for instance at Ncuraj, a few 
miles above Katak. At other places, the hills recede on 
either side and the land surface slopes gently down to the 
river channel; but excepting perhaps a narrow strip of 
flat meadow land, along one or both banks, which may bo^ 
covered by the river in high floods, the whole surface is 
permanently above the flood level. All the rain that falls 
on the country, beyond that which is absorbed by the 
ground, or evaporated by the winds, runs do^vn into the 
nearest streamlet, and contributes its quota to the volume 
of the river. 

The river is its own engineer. Tlic channelled depressi^p, 
in which each stream flows, is the work of its own waters ; 
and the engineer who cuts his canal with gently sloping 
banks in the soft soil of alluvial land and with steep walls 
through a hard rocky barrier, docs but imitate uncon- 
sciously the examjile set before him by nature. But while 
the former works with foresight and intelligence, selecting 
that course which appears to him oh the whole the easiest, 
and to require tfie least expenditure of labour, sometimes 
cutting through a hard stubborn barrier in his path with a 
view to shorten the distance, and to attain some advantage 
onlAo further side; the river, acting under the influence of 
gravity alone,* can only take that course which is for the 
moment the easiest, — that by which it immediately reaches a 
lower level ; and sometimes it makes a long detour around 
some small obstacle, a hillock or low ridge for instance, 
which it cannot surmount, because an outlet exists at a 
distance at some lower level, through which the waters mush 
escape. Hence it follows that rivers alwja^ f ollow a more 
or less circuitous course. Of this, thcBSf&k river in* 
Kachdr offers a striking example on a small scale, and on 
a larger scale the Indus and Brdhmapntra. 


See Ifltrodnction, p* 5. 
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Tlio drainage basin of every river is bounded by a line 
termed tbo waterahed^^ or water-parting, which separates it 
from the adjoining river basins. This is frequcntlyithe 
highest lincrf a range of hills or mountains; but not always. 
Sometimes it is merely the most elevated part of a great 
plain, such as that which separates the drainage of the 
Jumna from that of the Satlej to the west of Delhi ; but 
this is the exception rather than the rule. As an example 
we will trace out the watershed of the Mahdiiadi. Starting 
from a point on its north bank opposite the town of Katak, 
the lino dividing the drainage of our river from that of 
the Brdhmani runs in a westerly direction, through the 
hilly Mehals of Atgarh, Ongol and Radakol. Hence it 
strikes northwards through a country of much the same 
chaiMCter, till it reaches the high x>lRteau of Chutia Ndgpiir; 
separating the Ib, a largo tributary of the Mahdnadi, from 
the Brdhmani. Both these streams take their rise in this 
pthteau. From this jmint, wo follow it to the west, along the 
crest or highest continuous line of the plateau, to the north of 
which the drainage runs into the S6n river. After descend- 
ing to a lower level at the termination of this plateau in 
BirgiVja, the watershed makes a considerable detoiur to the 
north around the sources of the Hasto in the plain of 
Bouth lliwa; and ^then, returning to the south, it ascends 
tlie great hill mass of Amarkantak, wherorthese great river 
basins meet. These are the basins of the B6n flowing into 
the Ganges, the Nerbudda (Narmada) into the Gulf of 
Kambayat, and the Mahdnadi. Hence the watershed stdkos 
southwards along the JMandla hills, the western slopes of 
which drain either into the Nerbudda, or the Wdinganga, a 
feeder of the Goddvari ; then, crossing the x>lain to the south- 
east, which lies between Ndgpt'ur and Chhatisgarh, it enters 
the wild nigged hill country on the borders of Bastdr, in 
.which the main stream of the Mahdnadi takes its rise : and 
finally, running to south-east through the hills drained by 
the Til rivefiTtillle largest tributary of the Mahdnadi, it turns 
* to north-east through fJie hills that separate the drainage 

* Tho word to usually thns written, but the last syllable to derived 
from the Qernian word tcheidttn, to divide or part, and by Sir John 
Herschell the word to spelt 
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of the Til from that of the smaller streams of the oast 
coast ; and then again to east, following a line parallel to 
the main river, back to our starting point at Katak. 

The country comprised in this long cirouit is 45,000 
square miles in extent. At least three-fourths of thrs is 
covered with rugged hills, for the most part rocky or clothed 
with forest ; and the only cultivated tract of large extent is 
the fertile plain of Chhntisgnrh. These characters of the 
basin, together with its form, which is round and compact 
with a narrow neck, determine certain peculiarities in the river, 
especially its liability to become flooded : but before noticing^ 
these, we must say something of the rainfall by which it is fed. 

Most of the rain, that falls on the Mahanadi basin, is 
brought by westerly winds from the Arabian Sea ; and these 
winds prevail from June to September. In the hot weather 
months, a few showers come from the Bay of Bengal ; and in 
October, at the close of the south-west monsoon, rain from 
the same quarter sometimes extends far up into the country. 
But the heaviest rain is that which falls during the south- 
west monsoon ; brought, as 1 have said, by westerly winds. 
If all the rain that falls during a year, over the whole basin, 
could bo collected, without loss of any, on a perfectly level 
surface 45,000 square miles in extent, it would cover it with 
a sheet of water about 4 feet, or perl^aps 50 iiicbcs deep. 
This fact is usmnlly expressed by saying, that the average 
annual rainfall of this river basin is 50 inches. All tliis 
water, however, is not carried away by the river. A p.*irt of 
•it^e scarcely know how much, is re-evaporated, and passes 
back into the air. Another part, after soaking into the 
ground, is absorbed by the roots of trees and tbo smaller 
vegetation which cavers the surface ; and much of this also, 
evaporating from tho surface of the leaves and herbage, 
passes back into the air : the remainder is converted intr> 
wood and leaves. Perhaps about half of the whole rainfajl 
is disposed of by evaporation and in contributing to the 
growth of the vegetation. The residue rea2'ij^'the river in 
two ways. When tho raiu is heavy and the ground has 
already been soaked by previous rain, the larger part runs 
at once into the nearest streamlet, carrying with it earth and 
sand, dead lei^ves aud other light bodies lying on the 
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ground. This it is that produces freshets and floods^ filling 
the channels, and when the rain is very heavy and extensive, 
even causing the streams to overflow their banks ; in which 
case, the latter are cut away, and whole trees and sometimes 
houses and living animals* are swept away by the swollen 
waters. The Mahdnadi is notorious for the magnitude and 
destructive character of its floods, and this is due to the 
generally hilly and rockv character of the country drained 
by it: in consequence ot which, when heavy rain falls over 
^ large part of the basin, the water rapidly runs off the 
steep hill slopes, and is carried into the main channel. In a 
great flood which occurred in July 1855t and lasted for seven 
days, the quantity of water discharged by the river was, in 
round numbers, 761,770 millions of cubic feet, or rather more 
than five cubic miles. If this quantity of water were distri- 
buted equally over the 45,000 square miles of the basin, it 
wo;dd cover it to a depth of inches. But the actual 
rainfall must have been greater than this. Captain Harris 
estimates that a great rain storm in which 9 inches of rain 
should fall, (in addition apparently to the ordinary rainfall 
of the season,) would suffice to produce this flood, but it 
seems probably that a smaller quantity would be ample. 

Groat floods, such as this, occur only once in three or four 
years ; but all through the usual rainy season, a very large body 
of water flows down the MaliAnadi and all rivers similarly 
situated. During the dry months of the year, especially 
from February to May, the river is low ; but even then 
more than five hundred millions of cubic feet of water, otf\\n 
average, pass down every day. Whence comes tlus great 
• volume of i^ater 7 There is but little rain, even in the hills, 
in these mouths. An occasional thunderstorm is the only 
contribution ; and at Sambhalpdr, the quantity thus received 
does not amount, on an average, to 1 inch of rain in a month ; 
which, falling on dry ground, must be in great part absorbed. 
It is in this absor ption of rainwater by the ground that we 

In a great flood in July 1872, large numbers ot cattle, human bodies 
and even elephants were carried down past BLatak. 

t These data, together with the area of the basin above given, are taken 
from a paper by Captain liarris in Vol. XXX of the Asiatic Society's 
Journal r 
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have the explanation of this constant supply. However 
dry the surface of the ground may bo, there is always water 
at a certain depth ; a depth which depends on the frequency 
of rain. Even hard rock, when freshly quarried, contains 
some water ; and any excavation, such as a mine or a well, 
carried to the depth of 30 or 40 feet, in a country such as 
that drained by the Mahdnadi, will bo partly filled with 
water at all times of the year. When absorbed by tho 
surface soil, the rainwater gradually penetrates (leeper 
through the crevices, which exist in all rocks ; througli 
the mass of the rock itself, if it be porous and permeable tci^ 
water ; and at a depth which varies with tho season and the 
dryness of the country, a level is reached, below which the 
rocks and all their cavities and crevices are fully charged 
with water. So long as this level is higher than the bottoms 
of the lowest valleys, the water will gradually trickle out of 
the rock at some lower level, where it can find an outjpt ; 
in some places, where the outlet and supply are large, as a 
permanent spring ; at other places merely oozing through 
tho soil. The accompanying diagram will help to elucidate 
this description. 



Fig. 12. 

Tho figure represents an ideal section of tho ground, 
across a little valley, drained by tho sti^e^ at s. On the 
one side a, the hill is formed of some hard i^obk, not itself 
permeable to water, but much cracked and broken, so that 
water can find its way from the surface through the crevices. 
The water thus absorbed will slowly, and in the coarse of 
time, trickle out^ at the hillside at o, about at the level of the 
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s^eam; but this will go on verj slowly; and, except perhaps 
after a quite unusual drought, tjiere will always be a supply 
of water in the rock above .this level. After heavy rain, 
we may suppose the dotted line r will indicate the level 
below which the rock is saturated with water; while, after a 
moderately long drought, the level of saturation will have 
fallen to d. On the other side of the valley the rocks are 
different. A bed of gravel forms the upper part of the 
hill ; and below this is a bed of clay, which water cannot 
•penetrate. In this case, the porous bed of gravel will hold 
a largo quantity of absorbed rainwater; which, being stopped 
by the clay bed at c, will gush out at sp; forming a 
perennial spnng if the bed of gravel be extensive, or a 
temporary springy yielding only after a. fall of rain, if it be 
small, so that the supply is soon exhausted. 

This supply from subsoil water is extremely important in 
a cHmato like that of the greater part of India, where the 
rainfall is very heavy during certain months of the year, 
and very scanty, or altogether wanting at other seasons; 
and it becomes a question of national importance tq prevent 
its diminution or loss. Unhappily, the destruction of the 
forests, which lias been going on rapidly in many parts of 
India for many years past, has this effect. Trees shade the 
ground and shield it from the scorching r^ys of the sun. 
At the same time the soil is held together by their roots and 
those of the smaller vegetation that springs up in a forest ; 
and the soil, thus held and sheltered, serves to absorb rain 
and transmit it to the rocks below. The effect of clearing 
the forest is, then, to expose the soil to the bidcing heat of 
the sun, and to be washed away by heavy rams. On steep 
rocky ground, where the soil is scanty, this is soon effected; 
and the spontaneous reestablishment of the forest is rendered 
impossible ; while, the absorbent covering of the rocks 
hhvhig been destroyed, every shower of rain rushes at once 
off the hard.suNf^MTc, flooding the rivers for the time, and 
leaving no provision for that subsoil drainage, which, amid 
fwest-clad hills, furnishes a constant supply to the rivers 
thronghont the rainless season. In parts of France, more 
espeehdly that known as the C6te d*or, large tracts of 
comatry have been rendered sterile and iminhabitable, in 
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consequence of the ignorant destraction of the forests ; and 
there are few parts of India that have not suffered more or 
less, already, from the same cause. The preservation of 
forests from general destruction is then a matter of national 
importance. Once cleared, it is the work of many genera- 
tions to restore them. 

We must now turn our attention to the lower part of tho 
river, the delta* and its channels. The character of this 
part of the river, and of tho country through which it runs, 
is very different from that hitherto described. No sooner 
docs the river enter the plain, than its cun*ent is retarded ; 
^the slope, down which it runs, being so small as to be 
imperceptible to tho eye.f Consequently, it is no longer able 
to carry with it all the sand and other sediment that it has 
washed away from tho hilt slopes in tho upper part of its 
course, and it begins to deposit the excess on tho bed of its 
own channel. Moreover, the country around being on nnarly 
the same level, it is no longer restricted to one channel, but 
divides up into several, branching out over the plain. Even 
these canpot contain all the water when the river is flooded ; 
and then they overflow their banks and spread their waters 
abroad over the low lands around. And now follows a 
noteworthy result. As soon as tho , waters have left tho 
river, their motion decreases, More sand and silt is deposited ; 
and it is deposited most abundantly close to tho margins 
of the channel, raising the banks higher than the general 
level of the plain. A section across a river in its delta is, 
thdfefore, such as is represented in the accompanying figure ; 
which contrasts strongly with that of tho stream with its 
valley represented in figure 13. In Katak, the banks of each 



Fig, 13.— SKcrioir or a Deltaic 

^ The term delta was originally given to tho lower part of the Ni!e^ 
which, below Cairo, divides into two principal branches, now kaowa 
respectively as the Damietta and Roeetta brandies. The triangular tract of 
Oat land, between them and the Mediterraacaii Sea, resembles in form the 
Greek letter n delta. Uesce tho naaiei 
t See Introductioi^, p. 6. 
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stream are furibcr artificially raised, to preserve the country 
from flooding. But even where this has not been done, the 
banks of the rivers in a delta are •higher than the land round 
about. In Calcutta, for instance, the drainage of the town is 
carried not into, but away from, the Hooghly , down the natural 
slope of the ground to the Balt Lake ; and in the eastern 
districts of Bengal, where the rivers are not restricted by 
artificial embankments, when the whole intervening country 
is flooded in the rains, the banks of the river channels 
, generally remain more or less above water. 

In the delta of the Malidnadi, as in that of the Ganges, and 
indeed all largo rivers, the ordinary level of the water in the* 
channels is not very much lower than that of the land around. 
When the rivers are flooded, it is frequently much higher ; 
and I have already observed tliat, on such occasions, the 
waters spread over the intervening low lands, and gradually 
rai(«o them by depositing their silt. But in tliickly>inhabited 
countries, such as Orissa and the Midnapore districts, where 
the land is under cultivation, it is frequently sought to 
confine the rivers to their channels by dykes or artificial 
embankments, termed also bunds. These suffice to restrain the 
waters in ordinary seasons, but their eflect is not wholly 
advantageous. The level of the water in the channel is 
artificially raised, smeb none can escape ; after a time, the 
’ bed of the channel also becomes raised by the deposited 
silt; and in order that the embankments may continue to 
aftbrd protection, they must be raised in their turn. In the 
course of many years, a river may thus be raised, till* it 
onlinnrily flows much above the level of its delta, and even 
of tlio houses of the villages around. Such is the case with 
the river Po in Italy, Should such n river breach its 
embankments in an extraordinary flood, it can easily bo 
imagined that the destniction caused by it far exceeds that 
produced by an ordinary flood in an unembanked river. 

The MahAnndi is unenviably notorious for its floods. I 
have already 'pointed out how the form and character of its 
drainage basin favom the rapid discharge of the rainfall ; 
and I have now to point out why it happens that, on such 
occasions, the rice lands of Katak and Piki are almost 
inevitably flooded. Some years since % very careful 
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measurement of all the channels of this delta was made by 
Captain Harris ; and the result showed that, taken altogether, 
they were capable of carrying away only about half the 
water that comes down in one of the great floods. The 
excess must therefore spread over the country around, 
despite the embankments of the channels. 

In the delta of the Ganges and Br^hmapiitra, the land, 
for many miles inland from the sea, is a marsh washed by 
sea water at every spring tide, and covered with the 
vegetation peculiar to such regions ; in which mangroves, the 
Siiudri, the Nipa-palm, &c., are predominant; and beyond the 
margin of the land, the sea itself, for some miles out, is filled 
with shoals and sand banks, partly uncovered at low water ; 
which are in fact a sub-marine extension of the delta. At 
some future time, if * not submerged deo^dy by a general 
sinking of the delta, such as was noticed in Cha 2 >ter IV 
(p. 45), these will be converted into marshy islands; wljjle 
the present Si'mdarbans will be gradually raised till they 
become habitable. Huch has been the history of all Lower 
Bengal. There was a time, when the sites occupied by 
Calcutta, Dhaka, Jessore, &c., were covered by the sea; 
and the shoals first fonned off the mouths of the rivers then 
existing, have gradually been raised by the continuous 
deposit of river-silt, in the manner dhsg’ibed in the preced- 
ing pages. 

The deltas of the Mahdnadi and other rivers of the east 
coast of the reninsula are not extending outwards like that 
of *^iie Brdhmapiitra. The Mah4nadi delta is indeed as yet 
not quite completed, for not only is its surface still being 
raised, but it is gradually filling tbc Chilka Lalce, which is 
a piece of the sea that h.is been cut off from it and enclosed 
by a Bpit of sand. But off the mouth of the Mahdiiadi there 
are no great sand shoals, the foundations of future islands, 
like those that fringe the Sfindarbans, The K4verJ delta ii¥ 
Trichindpali and Tanjdr represents thcjlnal condition, to 
which that of the Mah4nadi is approaching. Very little o^ 
this is over even hooded by the river. It is now so high that 
it is permanently above the water level, and artificial irriga- 
tion is necessary to enable the land to be cultivated. Not 
a particle of new^land is forming in the sea opposite. In 

u 
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fact it is a finished delta. .AU the silt, now brought down 
by the river, is carried away by the sea currents that sweep 
up or down the coast ; and instead of adding to the delta, it is 
spread abroad over the floor of*the Bay. 

The formation of a river delta may be regarded as a 
struggle between the land and sea. In a quiet land locked 
bay a delta forms rapidly; stretching out its branching 
channels, indicated by their emerging banks, like the roots 
of a growing tree. A chart of the Mississippi delta in the 
&i#f of Florida well illustrates this, and to some extent 
the same character is traceable iu that of the Kistna 
and God&vari in the angle of the Indian coast. Even 
those of the Ktiveri and the Mah^nadi project slightly 
beyond the general lino of the Qoast. The river, in each 
case, continually brings down sediment, some of which 
is deposited wherever the flow of its waters is checked 
or diminished ; and the chief check takes place when it enters 
the sen. Here therefore a deposit is formed ; end it depends 
on the character of the sen, whether tliis is distributed over 
a largo area, fonning shoals separated by shallow channels; 
or in a single shoal, termed a bar, across the mouth of the 
river. The former is the case of the Oangetic delta, the 
latter that of the Mahdnadi and all the rivers of the east 
coast. It is tho existence of such bars that renders 
it impossible for sea-going vessels to enter most of these 
rivers. A delta ceases to extend outwards, when the 
permanent cuiTcnts of tho sen aro, powerful enough to 
carry away all the sediment that the river b»*ings 
down. 

Tidal cniTcnts,* on the other hand, have tho effect of 
keeping open the entrance of river estuaries; and their 
power is increased if the sea is shallow opposite the river 
mouth. In passing over this shallow, the tidal wave becomes 
^ilod up, as W'as explained in Chapter HI; and as this 
wave is propagated into the estuary, a large body of water is 
thrown into *1110 river twice every day, which passes out 
again at each ebb tide, together with the water the river 
has brought down in tho meantime. A swift current flows 


* See p. 39. 
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therefore in opposite directions twice every day, sweepinfi^ 
away the sediment and keeping the channels open. It is 
for this reason that the Hoogldy remains navigable to tho 
present day. Estuaries such as the Mullah, which, though 
at some former time the outlet of some one of tho delta 
rivers, now receives little water from the interior, and 
therefore little sediment may thus be kept open for an 
indefinite period by the scour of the tidal currents. 

We have now traced out the history of our river, and 
incidently we have compared and contrasted it, in certain of 
its characteristics, with portions of some other large rivers. 
But the subject of rivers and their action is too largo and 
too important to be fully discussed in a single chapter, and 
there arc other bodies of fresh and also salt water connected 
with rivers, which remain to be noticed. These we shall 
deal with in another chapter. 



CHAPTER IX. 


RIVERS AXD LAKES, 

Ik tbc last chapter we sindied the case of a river in a tropi-- 
cal climate, fed exclusively by the periodical rainfall and those 
surface s^^rings that are the outflow of the absorbed rain. 
We saw that, as a consequence of these conditions and of 
the rocky and hilly characters of its drainage basin, the 
Mahiinadi is very full during ihe three or four rainy months 
of the year, and is then sometimes subject to very des- 
tructive floods, produced by extraordinary falls of rain ; while, 
during the remainder of the year, it contains so little water, 
tliat it can he navigated only by boats of the smallest size. 
Wfry different is the case of the Indus; a river, the main 
stream of whiith derives its chief supply from the melting of 
the winter snows on the Tibetan Ilimlilaya; while its larger 
tributaries bring down the summer rainfall of the outer 
Ilirniilaya in addition to the above. After leaving the 
mountains, it traverses nearly 700 miles of arid jdain, in no 
part of which docs the rainfall exceed 20 inches in^theyear; 
while by for tile greater portion is absolute desert. The 
Jndns, like the Mahdnadi, is subject to a regular periodical 
rise and fall, and occasionally to extraordinary floods ; but 
the causes being different in the two cases, the periods pf 
their occurrence are different also. 

In Chapter 11,* it was explained how, during the 
winter season, the cold air over the plains (and, I may 
add^, the mountain slopes) of Upper India, flows away to 
the south, fonning the wind known as the north-east or 
^winter monsoon ; and how it is replaced by a damp wind, 
which blows from the south in the higher part of the 
atmosphere^ • and descends on the Panjdb and the upper 
' part of the North-West Provinces, bringing the winter rains. 
Over the Himalaya, where the temperature is below the 
freezing point, the vapour of this wind is condensed as 


* Page 2$. 
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snow, and this accumulates on the mountain summits and 
ill the higher valleys during the winter season. With the 
increasing warmth in spring, it begins to melt; and tho 
rivers, which in these lofty regions have been silent and 
frost bound by the intense cold, are once more set free, 
carrying down gigantic blocks of ice and rock, with largo 
quantities of mud, in an impetuous and ever increasing 
torrent. Collecting gradually in tho larger tributaries, and 
then in the main stream, by the month of February tho 
swelling waters reach the plains o§ the PanjAb; and tlie 
•stream, which has been shrinking since tho previous July, 
and during the winter months has been rej)ro8ontod by a 
number of shallow, scarcely navigable channels meandering 
through the vast bed of the river, begins to swell and swc(‘p 
away the chursj now covered with grass and bulrushes, 
which accumulated at the close of the previous season. 
During the succeeding months, the volume of tho rijjer 
increases, as the snows arc more copiously melted; and when, 
in July, the heat of tlic PanjAb and the mountain cradle of 
the river has reached its highest point, and when tlio 
summer rains arc falling heavily in tho KAngra and 
HazAra Hills, the Indus ai|d its great tributaries are in 
full flood. After this, the waters decline, and reach their 
lowest level by Ocbjber. 

The extraordinary floods, to which the Indus is subject, 
appear to be due, not to excessive rain or any unusually 
rapid melting of the Siiows, but to some one or other of its 
lArg^ tributaries being temporarily blocked up, either by tho 
advance of a glacier or the fail of a portion of n mountain ; 
so that a barrier is thrown across the valley, and the river 
waters dammed up behind it. Under such circumstances, a 
lake is formed behind the barrier ; and continues to swell, 
until the water succeeds either in over-topping it, or in 
silently undermining it, when it at length bursts, and Ukf 
pent-up torrent, suddenly set free, rueil^ea downwards once 
more with overwhelming impetuosity and power. 

The following graphic account of a great dood of this 
kind, which occurred in the beginning of June 1841, and was 
witnessed by Ashraf Dhan of Torbela, is given by Major 
Abbott in the yords of the narrator: At about 2 p.h. 
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a murmuring sound was heard from the north-east among 
the mountains, which increased until it attracted universid 
attention, and we began to exclaim ^ What is this muimur ? 
Is it the sound of cannon in the distance ? Is Qandgarh 
bellowing ? Is it thunder ? ’ Suddenly some one cried out 
* The river is come \ * and on looking, 1 perceived that all 
the dry channels were already filled, and that the river was 
racing down furiously in an absolute wall of mud, for it had 
not at all the colour or appearance of water. They who 
saw it in time easily escaped; they who did not, were 
inevitably lost. It was a horrible mass of foul water, carcases 
of soldiers, peasants, war-steeds, camels, tents, mules, asses, 
and household furniture, in short every item of existence, 
jumbled together in one flood of ruin ; for Raja Golab 
Hingh’s army was encamped in the bed of tlie Indus at 
Kuiai, three kos above Torbela, in pursuit of Paindu 
KJian. Part of the force was at that moment in hot pursuit, 
or the ruin would have been wider. The rest ran : some to 
large trees, which were all soon uprooted and borne away ; 
others to rocks, which were speedily buried beneath the 
waters. Only they escaped wlio took at once to the 
mountain-side. About five hundred of these troops were 
at once swept to destruction. The miscliief was immense ; 
hundreds of acres ef arable laiul were licked up and carried 
away by Uic waters. The whole of the TSisu trees which 
adorned the river’s banks, the famous Bargah tree of many 
stems, time out of mind the choscit bivouac of travellers, 
wore all lost in an instaut.” 

On this occasion, according to Major Montgomery, the 
cause of the Hood was a landslip in the Qilghit valley. 
The valley was blockcil up by an enesmous mass of earth 
and rock that liad slip[)ed down from the side of a mountain ; 
and a lake was formed behind it, which is believed to have 
«been 800 or 900 feet or more deep. At last the barrier gave 
way, and the wliol^ mass of pent-up water was suddenly 
, discharged (Town the valley. 

Another great flood, arising apparently from a similar 
cause, occurred in August 1858. 

In describing tlio Mahdnadi in the previous chapter, I 
observed that the valley iu which each sVeam flows is the 
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work of its own waters. It is in the Hiin&laya that we 
have the grandest examples of this kind of river action ; and 
this will be the most convenient place to describe it somewhat 
more in detail. In the loftier valleys, in the neighbourhood 
of the permanent snows, glaciers are powerful agents in 
eroding and excavating the rocks over wliich they j>ass. 
The masses of rock which are carried down by tin* ice stream, 
firmly frozen in tlio ice, arc dragged over the bare rocks 
of the sides and bed of the glacier, grooving them had 
grinding them down with perfectly resistless force. Th^ 
sand and mud so produced are carried away by the stream 
which issues from the eud of the glacier, gusli ing out from an 
ice cavern at its foot, turbid with glacicr-miid. In former 
times the Himalayan glaciers extended far b<*low their 
present limits, and they have performed no unim])ortant 
part of the excavation of the great river valleys. In thcTisia 
valley in li^ikkiin, glaciers do not now extend below I4,()(U)(i^.et, 
but traces of their fonuer W’ork arc still visible down to 6,000 
feet above sea-1 ovol ; while in the KAngra valley in the 
north-west Himdlaya similar indications are met with 
as low as 3,000 feet above the sea. 

But the river itself is alip a powerful excavator. Rush- 
ing down steep slop(»s with a higl\ velocity, it lias power 
to roll along jiebbles and even large masses of rock, grind- 
ing them against each other and over its rocky bed, and 
insensibly wearing dow'ii the latter, however hard may he the 
ropk that forms it. * In a hard rock the river excavates a 
lyor^, with jirecipitons shies, very narrow, but sometimes 
of great depth. 8uch is the remarkable gorge at the 
junction of the Sutlej and Spiti rivers. Wlicre the rocks 
are less hard and Stubborn, the sides of the valley become 
more sloping under the action of frost and the atmosphere. 
The surface of the rock is splintered and falls, and tins fallen 
mass is gradually gi-ound up and borne away by the torrent. 

Rocks differ extremely in their p^wer of resisting 
decomposition. In certain cases it would seem that, aftes 
exposure for centiu*ie8 to the action of rain and frost, they 
present the same unyielding surface, unchanged in form and 
texture. In other cases, frost and, rain water, aided by those 
chemical constitjpents of the atmosphere called carbonic acid 
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gas and oxygen, not only disintegrate the whole superficial 
mass of the rock, reducing the hard stone to the state of clay 
and grflvel, but carry this action .far into the heart of the 
mountain. Where this has taken place, the excavation of tho 
valley goes on rapidly. From time to time, especially after 
licavy rainfall, enormous masses of earth and rocks, becoming 
saturated with water, slide down the mountain side, carrying 
everything before them ; and after blocking the valley for a 
tune, are carried away by tho ceaseless action of the stream. 
In this way, as was pointed out above, arc caused some 
of those sudden floods of which two extraordinary examples 
were quoted. 

In a country such as British Sikkim, where the rainfall 
is great, the rocks easily decoiiqwsod, and the forest growth 
exceedingly luxuriant, the form of the u^onntain slopes is 
almost entirely due to landslips. In the neighbourhood of 
Darjiling, after each heavy full of rain, the hill-roads are 
generally interrupted in many places by little falls of this 
kind ; and sometimes the mountain-side to a height of fi,000 
or 4,00(» feet is seen freshly exposed, tho whole of the 
surface with tho forest that covered it having been precipi- 
tated into the valley below. 

By these various agents, frost, rain, carbonic acid, and 
finally gravitation, the original hollows and inequalities of tho 
newly raised mountain mass have been ^connected, and 
further carved and excavated, so as to fonn a complete 
system of valleys, separated by mountain ridges. Tho 
materials carried away in tho process have been partly deiK)- 
sited in tlie origuial hollows, as great gravel deposits, such 
ns are seen everywhere in the valleys of Ladakh, and that 
through which tho 8utU\i has excavated its valley in the 
Tibetan province of Ouge ; but the greater part, when 
ground down so fine that they could be carried out into tho 
plains, have been spread abroad by tho rivers, forming tho 
arable lauds of the Uangotic plains. These plains then 
are fomied of tho waste of the mouiitains, and thongh they 
themselves have also boon wasted, and are still being worn 
away and their materials borne away and deposited iu the 
ocean, they receive on tho, whole more than they lose, and tho 
greater port of this is. derived from the Himalaya. But all the 
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hill tracts of India are subject to the same process of degrada- 
tion, and so in various degrees are all mountains whatever. 

Amid the endless variety of feature presented by rivers, 
in their course through hilly countries, none is more striking 
and impressive than their fcdls* A fall occurs whenever, 
owing to some peculiarity in the geological structure of the 
country, there is a sudden precipitous descent of the channel, 
over which the whole body of water is precipitated to a lower 
level. Among the best known and largest waterfalls in the 
Peninsula of India are the falls of the Saravati river i^ 
Kanara, those of the Yenna in the Mahabieshwar hills, thoso 
of the KAveri in Maisiir, and that of the Paikara river 
over the edge of the Nilgiri hills. In the first of these, 
near the town of Gairsapa, the river is precipitated over 
the edge of the Western Ghats to a depth of 888 feet in a 
single fall. Captain Newbold, wlio has given a graphic 
description of the appearance of tiiesc maguilicent fglls, 
when somewhat, swollen by the rains, estimates the quantity 
of water then discharged over them at -KijOUl) cubic feet in 
each second. He says “ the falls of Gairsapa may ho justly 
ranked among the most magnificent cataracts of the globe. 
While excelled iii height l»y the Cerasoli* and Kvanson 
Cascades in the Alps and the falls of the Arve in Savoy, 
the Gairsapa catiiract surpasses them *111 volume of water 
precipitated ; and while much inferior to Niagara in volume, 
it far excels those celebrated falls of the New World hi 
height.” 

* 'We falls of the Yenna in the Mahabieshwar hills are 
stated by Captain Newbold to he 000 feet in height. Those 
of the Gokdk in the Houth Mahratta country are 178 feet 
high, (on the sainctLuthori^) ; the river whicli, a little above 
the fall, measures about 250 yards across, contracts to 80 
yards on the brink of the chasm, and discharges in the 
rainy season a volume of water, estimated at 10,000 cubio 
feet per second. 

The falls of the Kaveri are of less height than the Gairsapa 
fails, not exceeding about 300 feet ; but the volume of water 


* Ths height of tho CerasoU cMca(Ie*U 2,400 feet; that of Evauson 
1,200 leet; aiid UieiaUa of the Arve 1,100 f^t. 
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discharged 18 much greater. In Bandelkand are several well 
known fall^, the largest being that of the Tonse river (200 
feet in height) near Chaebai. That of Bilohi about 12 
miles west from the Katra pass is 898 feet high, and that 
of Bouti 10 miles further west is 400 feet in height. At Chera 
Pnnji in the 'Khasi hills, the falls of Mawsmai exceed any 
of the above, having (according to Dr. Oldham) a sheer fall 
of 1,800 feet and a broken fall of 1,000 feet more; but 
except after heavy rain their volume is insignificant. 

Lakes are natural depressions in the surhice of a country, 
in which the drainage water accumulates ; either until, having 
filled the depression up to the lowest part of the encircling 
ridge, it reaclies a channel by which the excess can flow away ; 
or else until it exposes so large a surface, that the natural 
evaporation from that surface is equal to the total quantity of 
water flowing into the lake in the same time. The latter 
case, can occur 'Only in a dry country, where the rainfall is 
small and tlie evaporation rapid in consequence of the dryness 
of the atmosphere. The result is, that the water of such lake 
is salt: for since all the <lruinnge water that reaches the lake 
can’ies some siimll quantity of salt dissolved in it, and the water 
cvontnally evaporates, leaving behind all non-volatile sub- 
stances, the salt must, accumulate in the lake. There are 
many such lakes hi the great region jp Central Asia 
to the north of the Himalaya, and even in the Tibetan 
llimdlaya itself; as for example the Pnngong lake in Ladakh 
near the Upper Tiidus valley. It ftppears from Maior 
Godwin Austen’s aecount, that this lake was formorl/^Due 
of fresh water, from which a stream flowed into the Shayok, 
a tributary of the Indus. Owing, however, to the increasing 
dryness of the country, (of wlijch theft is abundant evi- 
dence, ihongh the cause is as yet unexplained,) it is now 
isolated and much shrunken in size, and at the lower end is 
quite saline. The Caspian Sea and Sea of Aral are 
instances of salt lekes, being quite isolated from the ocean, 
and of 8uch size as fairly to deserve the name of inland 
seas. Another and smaller example is afforded by the Dead 
Bea in Palestine, which occupies the bottom of a remarkable 
depression ; such that the* surface of the lake is 1,812 feet 
lower than that of ocean. It apjiears probable that, at one 
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time, the valley of the Jordan, (which river flows into the 
Dead Bea,) was in comiiiuiiicution with the Gulf of Akaboli 
and the Red Bea ; and that . it has been isolate<l by the 
elevation of the desert of Petra?a, and subsequently dried 
yp. The waters of the Dead Sea are saturated witli salt ; 
that is, the vratcr is incapable of holding more salt than 
is actually dissolved in it, except nt the end where the 
Jordan enters it; no fish or other animal can live hi its 
waters, and it is hence emphatically called the * Dead 
Sea.’ 

In Rajpiit^na, on the borders of the Bikanfr deaert, are 
some small salt lakes, the largest of which is the Bilnibar 
Lake. This is a shallow depression, filled by the animal 
monsoon rainfall, («which here does not exceed 20 inches,) and 
then drying up. The salt obtained from it is an important 
article of commerce in Riijputana. Another salt lake 
yielding a salt of a dilVerent character is that of l^unar 
in Berdr, It forms a deep crater like depression^ and is 
tliought to bo of volcanic origin. 

Lakes which have an outlet invariably contain fresh 
water ; unless, like the Chilka Lake and other similar lagoons 
along the coast, they communicate directly wdth the sea, so 
that sea water can enter them. There are but few instances 
of natural lakes of fresh water in *Inilia ; almost the only 
examples arc certain little mountain lakes, such as that at 
Naina Tdl and those below the Yakla and Chohi Passes in 
Bikkim, lately discovered and described by Mr. W. T. 
‘ Blimford. Beyond the snow'y range, tlio Manasarovar and 
Rakhas Tdl Lukes arc larger instauct's of tlie kind. It is 
improbable that any of these arc original rock basins ; that 
is to say, hullow.s^lcft in the disturbed rocks at the time 
when the mountain mass was upheaved. in some cases 
they appear to lie in hollows, worn by the friction of former 
glaciers in their rocky beds, and filled with water after 
the retreat or disappearance of the glacier. In other cases 
they are portions of old glacier valleys across which %u 
old moraine forms a natural embankment or imnd; and in 
otiiers again, such as the Tso Moriri and the Pangong Lake 
in Rakshu and Ladakh, they appear to occupy portions of 
a valley, the ^rainago of whicK has been arrested by a 
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mound of alluvial deposit, brought down by a mountain 
torrent from^be lateral mountain ridge. 

These remarks apply only to the lakes of the Himdlaya 
and similar' mountains elsewhere. Bnch great lakes as 
those of Canada, and those in East Africa on the uppef 
Nile, the Tanganyika, &c., may possibly bo original 
rock basins, formed during upheaval : and those that cover 
Finland and North-Western Russia may be depressions in 
the old Bcor-bottom left as such when the country was 
jlevated above the sea. 

The (fallow swampy lakes that occur in certain river deltas, 
such as the salt lake to the east of Calcutta, arc more properly 
termed layoom ; and the same term is applied to those sheets of 
brackish or saltish Water that occur on certain parts of 
the coast ; of which the Chilka Lake in Ofrissa and the Pulicat 
Lake to the north of Madras arc good examples. The 
fomjer of these are portions of the delta lying between the 
river channels ; and which the sediment deposited in them, year 
by year, has not yet sufficed to fill up to the ordinary dry 
weather water-level. In some cases, such as that of the example 
cited, they ai e more or less salt, because they communicate by 
certain chanmds with the sea, so that salt water passes into 
them at every tide. The Chilka and Pulicat Lakes have 
been formed in a different way. They are separated from 
the sea by a ridge of sea sand, termed i saml’-apit, and 
formed of sand drifted up the coast by the current noticed 
at page 40. To take the case of the Chilka: the sand 
nccnmulating along the shore of Ganjarn and other mora 
southerly parts of tlio coast, is gradually drifted northwards by 
this current, being added to by the sediment of every river 
that discharges itself into the Bay. some former time, 
the sea must have washed the base of tbc hills that lie to 
tbo west of the Chilka; but this having become shallow 
by the sediment poured into it by the Mahanadi and the 
smaller streams fr^m the interior, a sand bank was formed 
hy the coast current, tailing off from the southern extre- 
mity of the lake, until the lagoon behind it was almost 
completely enclosed. The sea alone could not raise this 
higher ihau the sand could bo washed by the breakers ; but 
08 a part of it would be laid bare and dri^ by the son at 



FORMATION X)F COAST Ft AIKS. 


109 


every ebb tide, tlie dry sand would be caugbt by tbe winds 
blowing from the sea, and raised in long mounds or sand 
hillSf rising 20 or 30 feet above tlie highest wash of the waves. 
In the course of time, various creeping plants which flourish 
on sand have taken root on the surface thus raised ; Uie seeds 
being carried by the wind. These have fixed the sand, and by 
their decay have formed vegetable mould, fit for the nutriment 
of other plants, such as grass and the dwarf date palm ; and 
Anally, as the spit has increased in width by further ocere- 
tions on the seaward face, the older surface has been brougl}^ 
imdcr the plough, and has become arable land. * 

A channel however remains, through which the tidal waters 
pass and repass to the lake ; and through which also the flood 
waters of the latter escape, when the surface of the lagoon 
has been raised by the rivers and streams that discharge into 
it during the rainy season. At such times its waters are 
almost or quite fresh ; but during the greater part the 
year more or less sea water is intermingled, especially in the 
neighbourhood of the outlet channel, rendering them saline 
or brackish. Year by year, these lagoons become shallower, 
since most of the sediment brought in by the streams 
from tlie land is deposited on the bottom of the lake ; and 
in the course of time, they will be filled up and will bo 
converted into dry grassy plains. Soiro miles to the north 
of Pondicherry • near the village of Mercununi, there is such 
a lagoon, now nearly filled, and a great part of the low 
plain that extends at intervals along the Madras coast has 
•l)b«i formed in this way and subsequently elevated. 

In the last three chapters, we have reviewed briefly the 
work done on the surface of the earth by the waters con- 
densed from the vapour of the atmosphere. Glaciers and 
rivers wear down the mountains, and )»]ough out those 
valleys through which the waters find their way downwards 
to the sea; frost splinters and crocks the rocks; awd 
rain water, dissolving the carbonic acit^ of the atmosphere, 
penetrates them and works chemical changes in their mass, 
by which they arc decomposed ; some part of their 
constituents being dissolved by the absorbed water, while the 
residue, having lost its rigidity and hardness, yields easily 
to gravitation and the friction *of running water. The 
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materials, dmved from the waste of the monntains, are spread 
abroad over the low plains at their foot, or carried further 
out to form riper deltas, or finally ^o settle down on the sea 
bottom. 

In most countries then, in all where the atmosphere is 
moist and the precipitation as rain or snow is abundant, the 
form of the surface is largely modified by these agents. And 
even in those arid regions where no rain falls, the deserts 
of Central Asia, the 8ahiira and the coast of the Red Sea, 
deeply scored sides of the monntains and tortuous tvddis 
bear testimony to tlieir fonner activity. These countries 
were not always so arid and rainless as they now are. In 
times geologically recent, both the Sahara and a great part 
of Central Asia were occupied by the sea ; the remnants of 
which, (in the latter case,) we have in the existing great 
salt lakes the Caspian and the Sea of Aral. When these 
seas existed, their evaporation furnished rain, wliich falling 
on tne slopes of the Atlas, the Atlai and the Thian Shan, 
shaped and fashioned these ])eaks and ridgt^s, much as the 
HimtVlaya is now being shaped and fashionecl by the waters 
condensed from the evaporation of existing Iiulian seas. 

Carrying our thoughts onwards from these agents to the 
causes which produce them and give them power, we find 
that the ulterior agents* whose work is thus uueeasingly to 
wear down the land surface to one uniform let el, are no other 
as those whoso work they thus destroy. Heat and gravi- 
tation break up the earth’s surface, causing cr)ntinents to 
protrude from the ocean, ami tlirusting up l)rokeu and •an- 
torted layers of rock to form their mountain skeletons ; and 
heat raises the ocean waters as vapour, winch condensed on 
the cold mountain sides, gravitates again ta tlio sea, and wears 
away the surface in its ])assage. But the heat that upheaves 
mountains is the primeval heat of the earth, that which 
planes them down is the heat emitted by the sun. 



CHAPTER X. 

THE PHYSICAL OEOGnAPIIV OP INDIA. 


1,-^Tht Peninsula. 

In the foregoing chapters of tins little treatise, after a brief 
review of the relations of our eartli to the other bodies of the 
solar system, we turned our aitentioii successively to what 
is most noteworthy in the atmosphere, tlio sea and tho land. 
fn so doing, I have^ wherever possible, selected our illus- 
trations from the things immediately around us ; since things 
and places that we can see and examine for ourselves, arc 
hot only more interesting to us than those which are far T)(f, 
hut are the only ones concerning which we can have any 
real and familiar knowledge. To know thoroughly what 
can bo known respecting the country wo live in, is the best 
possible preparation for travelling to foreign lands. Having 
been accustomed to observ e the things amid which w'O l^ave 
lived, and to systematize our observali«>ns on entering a new 
country, we are lU'ithcr bewildered by its strangeness nor con- 
fused by the multiplicity of noteworthy objects. We have 
already acquired menjbal standards of comparison, by which 
t^jrlijtinguish the important from the trivial. Kach new fact 
that strikes us falls at oi5ce into its pro[)cr place in our 
mental storehouse, and helps to correct some error of concep- 
tion, or to extend generalization previously thought out. 
Travel, instead of wearying, hecuinos the source of ever- 
renewed interest and pleasure, and we return with enlarged 
views and strengthened mental powers to the scene of our 
earlier experience. Science is no exotic. There is no land 
that does not teem with interest to him vfho knows ‘ liow to 
observe;* and although, in that science which now engages us,* 
there arc some subjects of groat imfKvrtance, tlmt can perha))8 
be studied more advantageously elsewhere than in India ; it 
may, on the other hiud, be tmly said, that no country offem 
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a greater variety, and at the same time grander examples of 
some of its principal phenomena. 

As a sequel therefore to the general description in the 
foregoing pages, we will, in th'ese concluding chapters, take 
a rapid review of the Physical Geography of India. We 
sliall first note the form of the land and the direction and 
position of its mountain ranges ; and as far as oun present 
knowledge enables us to determine, the geological antiquity 
of the rocks that enter into its structure. Wc shall at the 
same time trace out the relations of the great river basins 
to the hill ranges and the form of the surface ; and finally 
we shall show how the movements of the atmosphere, and 
therefore the variations of the rainfall and the climate, are 
affected by these and other circumstances. We shall confine 
our attention to those bramcheil of Physical Geography that 
have been discussed in the foregoing pages ; leaving aside 
all the more difficult and recondite parts of the science, such 
ns'magnotism and electricity, the botany and zoology of 
India, its mineral and other useful products, and the natural 
history of its human inhabitants ; since these require more 
preparatory knowledge for their proper understanding, than 
can be conveyed in a little rudimontaiy treatise such as the 
preseht. 


First observe that, at the foot the great mountain 
ranges which cut off India from the rest of the Asiatic 
nent, viz., the Iliila and HnlaimAn ranges, the Ilimulaya, 
and that which in Eastern Bengal rises from the swamps of 
Silhet and Maimansing, a broad belt of plain sketches across 
from sea to sea. This plain completely isolates the ancient 
highlands and hill grou]>s of the Peninsula, from the more 
imposing but more recent encircling chain ; and it will be 
convenient 1# describe them separately. 

Any good map of India will show that the peninsular 
portion is traversed by two principal mountain chains ; one 
ruhning somewhat obli(|uely across it, in a nearly east and 
west direction, from the Gulf of Kambai to Amarkantak ; 
and after an interval, rising again in Sirgnjah and running 
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throiigli Chutia Ndgpdr and Haz&ribigh to the wasteni 
limits of the Gangeiic delta; the other, almost at right 
angles to the former, running from the mouth of the 
Jferbudda to the southern extremity of the peninsula* 
The former may be termed the Bttpdra and Clmtia N4gpi\r 
ranges, the latter is that of the Bahy&dri or tlie Western 
Gh&ts. Besides these, a series of hill groups, separated 
by intervals t)f low country, extend in a north-east and 
south-westerly direction along the east coast. These are 
frequently termed the Eastern Ghats, but they are not 
continuous; and although in some parts rising to more 
than 4,000 feet above the sea-level, as a geographical 
feature they are of less importance than the first named 
ranges* 

These ranges may ‘be regarded as the skeleton on which 
the form of the country chiefly depends. South and north 
of the SAtpdras extend two great plateaux. The nortl^erm 
is separated from the range itself by the valleys of the 
Nerbudda and the Son; along which it terminates by a 
steep abrupt escarpment, now termed the Vindhya range,* 
on the north of the former, and the Kaimiir range along the 
latter, river. At the*^ummit of this escarpment, the edge of 
the tableland is iii some places 2,000 feet above the sea ; 
and the surface slopes thence towards# the Ganges valley, 
into which it is^drainod by the Chambal, the Hiiidh, and 
the K6n rivers. On the west, it terminates at tlie Aravali 
range, 3,000 to 4,000 feet high, which declines to the Thar 
desci4. Monnt Abil in this range rises to 5,000 feet. 

The southern and larger plateau is not more than 1,000 
feet above the sea at Ndgpilr; but rises to the westward, 
till it attains to M)out 2,000 feet on the edge of the 
Western Ghfits ; where certain hills, such as that of Mahi- 
bleshwar, reach to heights of upwards of 4,000 feet. Further 
south, the surface declines towards the Tungabhddra valley t 
but rises again in Mdisilr to 2,000 an^ even 3,000 feet, 
tenuinating in the lofty hill group, the Ifilgiris, with am 

* I ssy “ aow termed the Yindhye range.'* It u by no means clear that 
tbb is identical with the Vindhya of ancient writers, which divided 
Hitiddstdn from the Dakban. Professor H; II. Willson is of opioiou that 
the name waa formeidy applied to the Sitpdrds. 


I 
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average doYation of 7,000, and one peak (Dodabetta) of 
8,760 feet. To the south of the Nilgiris, beyond the Palghit 
Oap, and to the cast, are grouped several massive hill clusters, 
some of them almost rivalling* the Njlgiris, and offering to 
the rare visitor some of the wildest and most picturesque 
scenery in tlie Peninsula. 

The dircetion taken by the dramage has been determined 
mainly by the two monntain ranges first described. The 
Western Ghats constitute the principal water-shed of the 
^peninsula. Their crest is the hiyheai continuous level ; so that 
while their steep western slopes and the narrow plain at their 
foot arc drained into the Arabian Hea, the great plateau 
to the eastward, occupied by Mdisiir, Haidarabdd, the 
Dakhan and Ndgpiir, with the broader plains of the 
Carnatic and Orissa, and the whole of tlie Eastern Ghats, 
are drained into the Bay of Bengal. The Sdtpiira and 
Clpitia Ndgpiir ranges constitute, not one only, but either 
two or throe [tarallel water-vslicds. The northern slopes of 
the Jlnjpipla and Hiitpiim proper, with the Pachmari and 
Mandln lulls, arc drained by the Nerbudda, thich fiows 
westwards parallel with tlie axis <vf the chain : and the crest 
of the Vindhyau escarpment, which funs parallel with the 
river 20 or 30 miles to the north of it, is the limit of its 
basin in that direction ; since all the plateau of Mdlwd and 
Bandelkhand, of which this range is the s6athem boundary, 
slopes towards the north, and throws its drainage into the 
Jamna and Ganges. On tlio south of the Bajpiplas luid the 
t^dtpuras, another river, the Tapli, with its tributarj- the 
Puran, also runs parallel to the chain ; and, like the 
Nerbudda, flows westward, and discharges its waters into the 
Arabian Sea. The crest of the Sdlpdra, therefore, is the 
water-shetl between the Nerbndda and the Tapti; South 
of Uiis latter river is a third water-shod, formed by the 
'^liulhyddrt hills, also parallel to the river and the two 
former, aud dividh^g its waters from those of the Goddvari 
basin. 

The water-shed of the eastern or Chutia Ndgpdr ranges, 
which, in Birgnjah, separates the Mahduadi from the S6n, 
has already been describ.ed in a previons chapter. To the 
east of )5irgujah the hills spread out aqd form a broad 
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plateau* between tbo Son and the Qangetio delta. Tlio 
greater part of tbit) is drained by tbo Damdda ; the water- 
shed of which separates it, on the south from the basins of 
the Briihmaui, the Sdbanrika and other smaller rivers; 
and on the north from the Ganges and some small streams 
flowing into the Hiigli. 

Thus the 8iitpura and Chutia ^dgpiir ranges, wiiich are 
indeed rather broad tracts of hill country than deflnite 
mountauw ranges, have in both cases an independent local 
drainage. system ; while they divide the river basins of thq^ 
Peninsula from that of the Ganges. 

The principal rivers of the IVuiinsula are the Mahdnadi, 
which lias been already described in detail ; the Godavari 
and Kistna or Krishna, the tributaries of which drain the 
high plains of Niigpiir and Haidarabdd and the Mahratta 
country to the westward; the Pennair and the Kdveri 
di'ainiiig the high tableland of Mdisur and the still lo^ier 
plateau of the Nilgiri hills. The basins of these rivers are 
not separated by very strongly marked hill ranges, or other 
striking geographical features ; except . to the eastward, 
where the several hill ranges, called the Eastern Ghiits, 
occupy the intervals •between their outlets. Thus, between 
the mouth of the ' Muhunadi and that of the Godavari, 
intervenes the hill groups of Jaipxir aiid Bastdr ; between tbo 
Kistna and the Pennair, the Eullamullais and Vellakondas 
of Kadapa and Karnul ; between this last and the Pihiior, 
the hills of Pulicat ; and the 8hivarais and other hill groups 
of* t^^leiu and North Arcot between the Ihiuiar and the 
Kaveri. 

Tlic rock formations that enter into the structure of 
this part of India fire the following, beginning with those 
now actually forming; the others in order of increasing 
antiquity : — 

IjiL — Certain su|)erficial soils. Modem alluvial deposite 
of the rivers. Blown sands of the coasi^ 

2nd , — Gravels containing rude stone implements of humaii 
manufacture. Old alluvial deposits of the great river valleys, 
containing bones of extinct animals and shells of living species 
of freshwater Mollueca^ together with rude stone implements. 
inraTa&core deposits, containing marine shells, all of existiiig 
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species. Upraised beds, containing sbells of exisiing^ species, 
at xnanjr points on the Madras coast. 

Srci.— Beds of sandstone termed the ^ Onddalore sand* 
stones/ sometiQies containing petrified wood, in Trichinopo] j, 
South Arcot, Madras, and also in Birbhfim. 

4tih, — Fossiliferous deposits of older Uriian*^ or eocene 
date, at Burat and also in Kach’h, 

5th, — The great volcanic formation of Western India. 
The bedi^ of fresh water origin, containing shells, intercalated 
^ between the trap-flows ; and a deposit near Bdjamahendri 
containing marine shells, 

The richly fossiliferous shales, sandstones and 
limestones, of cretaceous ago, in Trichinopoly and South 
Arcot, The fossiliferous limestone and sandstones, immedi- 
ately underlying the trap-flows, in the lower part of the Ner- 
budda valley, (the *Bigh beds’ of the Geological Survey): 
and pi^obably a calcareous bed and sandstones, in a similar 
position,* on the south of the Nerbudda valley near Jabal- 
pdr, (the ‘ LamCtd group’ of the Geological Survey), 

7M.— Fine shales containing remains of Gycadeous plants, 
in Triebinopoly, Madras, Nellilr, the B^jmahai hills, Ocntral 
India (near Jabiilpdr) and Kaoh’h,* These are probably 
of about the same age as the Wealden of Europe, or partly 
perhaps upper jnraeeic, 

Sth. — The highly fossiliferous jurc^ssic formation of 
Kach’h. 

9th, — An enormous series of deposits in Oentral India and 
Bengal, apparently of fresh water origin, for which the 
name ‘ GondwAna series’ has been proposed by Mr. Medlicott, 
The upper part consists chiefly of m^sive sandstones, while 
the lower contains numerous beds orcohl. These represent 
altogether a very long geological period, extending probably 
from the Devonian, or Lower carboniferous, to the Upper 
Jurassic epoch, (including the Jabalpflr beds mentioned above 
under Section 7), «, There appears to be no discontinuity of 
•importance in this groat series, though there are evidently 
local interruptions, Having regard to these, the following 

* For tho order or relative antiquity of tbe aroat rocogniaed atandard 
formations referred fb in this and uio saooooding Raptor, aeo the igti^ 
femtUMtu in the QlosMiy at ead. 
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sabdiyisions bare been establiidied provisionally by tbo 
Qeological Survey:-— 


In the Godivari basin. In the Sitpdras. In Bengal. 

Jabalpdr group ... lUymahal bcda 

Bigra & Denwa beda 

t ? Kota beds ... Mahadeva or Pach* Mabideva sandstones 
mari sandstone. 

t? Mangili shales ... Almod beds ... fPanclict group. 

Kamtbi group ... f Bijori beds ... jUniganj gronpl 

Motur beds ... Iron shales. 

Barickar gtoup ... Barackar group ... Barackar granp. 

Talehir group ... Talcbir group ... Talchir group. 

Fossil remains of animals have been found only in the 

formations markodf, and they arc those of cither fishes or 
amphibians.* In the remaining formations, with unimi)ortant 
exceptions, only the remains of plants have hitherto been met 
with. The position of the deposits marked with a f 7 ) has 
been inferred from the character of their fossils, and lias not 
yet been verified. 

lOfA. — A large and* important series of rocks, consisting 
of sandstones, shales and limestones, in which no fossil has 
hitherto been detected. They form* a, great part of the 
plateau of Bandelkhand and Mdlw&, between the Nerbudda 
and the Ganges ; and especially stand out in the Vindbyan 
escarpment on the scgithcrn edge of the ])lateaii. Henco 
the- saries has been tenned the ‘ Vindhyau formation.* A 
lower member of the formation covers also the plain of 
Chattisgarh, and is largely dcvelopeil in Kiimtil, p«arts of the 
GodAvari basin and m the South Mahratta country. 

ll^A. — A series of still older deposits, also quite nnfosaili* 
ferous, very extensively developed in the Son valley, Northern 
Bandelkhand and Gwalior, also in Singbhdm and Kadapa* 
underlying the Vindhyan series. These arc termed the 
* Bijdwar series.’ Tliey are frequently muen metamorphosed... 

12ih. — ^The ancient metamorphic (gneiss) rocks which lie at 

* The group to which belong the frogs and toads, which differ from 
reptiles, since, during a part at feast of their life, they resemble fishes In 
their mode or existence. In the later PaUtoiinc and early Metoznio timi% 
animals of this kind aapear to hare been abundant and of large size. 
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the base of all the above. In Bonthem India, Messrs/ Footo 
and King have shown these to consist of old stratified rocks 
bent np in enormous folds, tbe^orm of which has an evident 
relation to that of certain of the hill groups, especially those of 
Balem and Trichinoiwly. In many places they are so highly 
altered that they resemble rocks of the granitic class. 

The lofty hill groups of Travancore (the Palnais, Anamal- 
lais, &c. ); of M^iisiir ( the Nilgiris); of Balem and Trichinopoly 
(the Bhivarais, <&c.); which average from 8,000 to 7,000 feet 
dn height, and include peaks of more than 8,000 feet, consist 
entirely of the ancient greiss. The whole plateau of Mdisiir, 
2,000 or 8,000 feet above the sea, and the greater part of the 
low country around and between the hills, arc formed of tho ' 
same rock. These hills appear to bo the remains of a 
mountain range (»f extreme antiquity, since it is from tho 
waste of these rocks that the only less ancient stratified 
deposits (the BijAwars and Vindhyans) of tho NAgari and 
Pdlicnt hills and the Nullamallais have been formed. 

Another hill region, of very high antitpiity, is that of 
which we have remnants in the Chutia NAgpi'ir and HnieA~ 
ribAgh plateau, the higher parts of which are 2,000 feet above 
the sea; while some isolated hills, such as rArasuAlh, attain 
to an elevation of more .than 4,000 feet. It is as yet uncertain 
whether the gneiss, V>f which this consists,, is as old as that 
of Bouiliern India.. Mr. ^ledlicott, the best authority on tho 
subject, is of opinion that it may consist, in part at least, of 
rocks of the IhihAr slate scries (No. 11 supra) very highly 
metamorphosed. In any case, this seems to have been fftoun- 
tainous Inml at the time that the Vindhyan rocks of Baiidcl- 
khand and CJImttisgojh wore being dciwsited around it; and 
many of its exi.sting depressions, the vall?*y of the Damtida for 
instance, and that which separates the hills of Bii'gujah from 
I hose of Mandla, must have been formed before tho commence- 
ment of the caHoni/erems epoch, since .the Talchfr and suc- 
ceeding rocks, whU.li cannot be regards as newer than the 
"carboniferous period, have been de{>osited in these hollows. 

Tho upland plains around NAgpdr, averaging 1,000 feet 
above the sea, also consist of gneiss ; as well as the base of the 
Mandla hills, which are* connected on the north-east with 
the gneissio plateau of ChAiia NAgpAr. 
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Amid all the snccessivo changes of krcl that must have 
modified the physical geogi*aphy of the country, these ancient 
hill masses have continued to form its principal feature ; at 
onetime perhaps as lofty mountains ever yielding to the erosion 
of rain and rivers ; at other times, as hilly islands washed by 
the sea. The latter was possibly their condition during a 
part of the cretaceom period, when the sea covered the present 
plains of Trichinopoly and South Arcot, and occupied what is 
now Eastern Bcngnl and the Himalaya as well as the western 
borders of Central India. 

But there is some reason to believe that, at a very early 
period, and perhaps up to this or a 8t>incwbat later date, Ibis 
ancient land was connected with the Seychelles Islands, and 
at one time even with Southern Africa. Certain animals, 
whose remains arc found fossil in the Panebet rocks, aro 
closely related to kinds hitherto only nnd with in South 
Africa and Australia, in rocks of about the same age; and iii 
the existing fauna* of India there arc many indications of 
relationsIRp, and some cases of identity, with the South 
African and Seychelles fauna, pointing to a common origin, and 
therefore to a former communication between the two regions. 

In the latter part ot the cretaceous period, or perhaps at its 
close, took place that enormous outhuirst of volcanic activity 
that has covered 200,000 square miles o^ country with layers 
of lava and volcanic ash. indeed, the area originally covered 
must have been greater than this; for an unknown extension 
of ..these rocks to tlid westward is now covered l)y the sea. 
The TRd cretaceous sea hediom had been upraised and had 
formed dry land for a considerable period before it was buried 
beneath the flow of molten rock. The centre of volcanio 
activity appears to Save bceu in what arc now known ns the 
Bfijpipla hills ; this has been inferred by Mr. \V. T. Blanford 
from the inclination and disturbance of the trap beds in that 
region, and the abundance of dykes, wliich the aiiciciiC 
channels of is.suc. Any volcanic cones that may have existed 
at the time have long since disappeared. In the intervals 
the eruptions, fresh water lakes were formed in the depressions 
of the lava flows ; and the deposits formed in these were covered 
up by subsequent sheets of lava. Several kinds of fresh water 
* For ezpiaiiJUion of this itm see GlosMry. 
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shells, End some remains of seed ressels and other parts of 
plants have been obtained from these deposits. Only at 
BAjamandri is there a marine deposit of the same age. 

For a long time after the close of this volcanic period, the 
lava beds were subject to denndation by the action of the 
sea, and it is probable that about this time began that 
sabsidonce which buried their western extension beneath 
the sea. There are deposits of wceru age at Bhardch ai^d 
Bnrat, and also in Kach’h, which shows that these portions 
mi Western India were tlien covered by the sea: and such 
tras also the case of the Indus and Oangetic vall^s, and 
with much of the region now occupied by the mountains 
around. But all the remainder of India was probably land, and 
it may be doubted whether it has ever ^ince been depressed 
beneath the sea with the exception of the plains lying 
along the coast and some of the tower hills. The great 
range of the Western Ghats is considered by Mr. W. T. 
Blatiford to be an old sea cliff. If so, it must have 
been formed during the tertiary period, and tlie^Konkan 
must, for a long time, have formed the bottom of the sea. 
The Tapti and Norbudda valleys, exc^t perhaps the upper 
part of the latter, have been re-excavated since the volcanic 
period, for they are cut through the trappean rocks, and the 
Same is true of the iljfiper tributaries of the (vodAvari and the 
Kistna, the WArda and Pain Qanga,the Bhimaand the Sina. 

The alluvial plains along the east coast of the Peninsula 
have been formed by the deposition 'of sediment brought 
down by these and the otliw rivers that drain the infSrior. 
At one time, the coast line must have been very irregular, 
stretching back to tlie hills of the Eastern GhAts ; and the 
low conntiy of tlio Pay an Gb At was being planed down by the 
sea. It was then, (during some part of ilie tertiary period) 
that the * Cuddolore sandstoues,’ were deposited. Finally 
this sea bottoA was elevated ; and the irregularities in the 
original coast lino, thus produced, have been filled up by the 
deltas of the great rivers, or, being enclosed by sand spits in 
the manner described in the last chapter, the lagoons left 
behind them have been gradually filled and then eleva^. . 

Such is a brief sketch of the fearm and geological history, 
of India south of the Ganges, 
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TBE PHTSfOAL GEOQBAPaY OF ISDIX, 



//. — The Hinidlayan Zone, 

The Himdlaya is the moantainous border 
of the great tableland of Tibet, the 
loftiest in the world. A section of 


« 



this elevated mass, from the desert of 
Gobi to the Gangctic plain, would some- 
what resemble the accompanying fignrOi 
except that, in the 'dgiiro, the heights at^ 
greatly exaggerated in comparison with 
the horizontal distances. Of tlic greater 
part of Tibet our knowledge is very small. 
It is known to be mountainous, to bo 
partially drained into a number of salt 
lakes, and to be bounded on the north by 
a mountain chain known as the Kucffldn, 
at the foot of which lies the great desert 
of Gobi or Shdmo. Our knowledge of 
the southern and western j)ortions is 
wore considerable, though fur from com- 
plete; and many important problems 
relating to the origin and courses of the 
great rivers that drain it, yet remain to 
bo solved by future ex])lorers. 

« It may be seen on the map, that the 
direction of the Himdlaya is not the same 
throughout. From the gorge of the 
Dihong in Upper Assam to the Qandak, 
dt runs nearly west, with a slight curva- 
ture, convex towards the plains of India; 
and beyond this it curves to north-west as 
far as the valley of Kashmir. It consi^ 
of several parallel' but not continuous 
ridges, and the suEordinato ridges or 
epure which these give off in a more or 
less transverse direction. The loftiest 


* Tbs fiffores indteats!— 1 GsngtiiQ Plain. S Tho Great Snowy Raogst 

5 The Indum Water-abed. 4 The Sempe V«U^. 6 Tbe Plateatt of llbob 

6 Tbe Kea Ldm Desert of Gobi. 
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THE GREAT SHOWY RAKGE. 


of tlieso principal ridges is about 60 or 70 miles distant 
from the plains. It includes or is connected by spurs with 
the gigantic peaks, Chamalari, Kanchinjanga, Mount Everest 
(the loftiest known mountain in the world), Doulagiri, and 
Nanda Devi, the lowest of which is but little under 24,000 
feet, while the others vary from 25,700 up to 29,000 feet 
above’sea-level. 

Tliis chain of peaks is spoken of distinctively as the 'snowy 
range,’ [No. 1, Fig. J5,]* and is the most interrupted uf all. 
®ho peaks enumerated arc not directly connected by any 
intervening range, but are separated from each other by 
the valleys of siiveral rivers, which drain their easteni and 
western, as well as their northern, slopes, and the great 
plains that intervene between them .and the lower but 
more continuous ridge to the north, which is termed by 
General Strachey the Indian Water-shed. Tims ChamalAri 
is divided from Kanchinjanga by the valley of the Tista ; 
the latter from Mount Everest by the Aran (a tributary 
of the Klidssi,) [A. Fig. 15] d:c. Further west the northern 
slopes of the grant snowy range arc drained by the 
Bhotiya Khiissi, the Bari Uandak and Tri-.siil Ganga, and 
(after an interval in which the snowy chain approximates 
more closely to the ItuUan Watershed) by the Satlej [E,] 
whicli rises in the Litko Rakhas Tal, aiid after traversing the 
gi*oat plain of Gitgo at the bottom of a ravine 3,000 feet deep, 
cut by the river in the heart of the plain, escapes through a 
remarkable rocky gorge below 8hipkc. ' _ 

Beyond the Sutlej, an important change takes place in the 
structure of the chain. In the prolongation of the lino of 
tlie great snowy range, lies tlie comparatively low range, the 
Bhaoladluir [3], which runs as far as tiio Ravi [F], and 
appears from its geological stnicturo to be the termination 
o[ the snowy range of the easteni Himalaya while to the 
north-cast of this, the great snowy chain of tho western 

c* In tbU chart the position of tho pfrincipal mountain ranges, or rather 
their axes, la shewn by strong white lines, tho minor ranges and lat^al 
spurs being omitteti. The ranges are dsnotod by numbers, the rivers by 
the letters of the alphabet Tho outer limit of tho mountains is indicated 
by a dotted line. 

t Such At least is Air. Medliditt's view, founded on' a OottsideraUoa of 
their geological structure. o 
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Him&laja, the Lnchd [6], starta from above the junction 
of the 8piti and Batlej, and runs north*wcst to the Jiulua, 

forming the 
north-east oni 
boundary of 
Kashmir. 1 1 
terminates in 
the grand peak 
of Nanda Par- 
bat. Between 
the Dhaoladhar 
and the Bfira 
, Laclut, a third 
H parallel range, 
2 the Rhotang 

5 range [4], origi- 
W nates; ambiftor 

6 n break at tho 
S Chendb [G] is 
£ virtually conti- 
^niied beyond 
g that river by tho 
h Pir J'anjtil [5], 
S which forms tho 
S south-western 
£ boundary of 
T Kashmir. Tho 
'*2 chain tonned by 
^•Genl. Btrachey 
^ the Indian 

Water-shed [2] 
is but littlo 
known to tho 
cant of the lalw>s 
Mannsarovar 
and RakhasTAl. 
It runs parallel 
with the groat 
snowy range of 
thc^ eastern 
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Himalaya, but, tinliko the latter, is a continuons water-shed, 
and separates the Aran and other streams already enumerated, 
from the Ydru Sdmpo [Kl. Jlus river rises within a few 
miles of the Mai^asArovar lake, and^ flows 200 miles to the 
scfuth-east, and then 600 miles almost due east, in a valley 
parallel to the Himalaya ; until, as. is generally believed, at 
the 95^ meridian of longitude, it breaks through the great 
ehain into As4m, which it enters under the name of the 
Great Dihong. To the West of the sacred lakes, the Bdra 
Lach& range [61 forms the water-shed, dividing the drainage 
01 the Indus [Ij on the north, from that of the Jhelam [H] 
(in Kashmir) ahd the Chenib [G] or Chandra Bhiga fti 
the south, Korth of the Indus, a great chain separates 
that river from its tributary the Shayok and the Pangong 
lake ; and still furtlier nor^, the Karakoram or Mustdgh 
range |^6] bounds the valley of the Indus and declines to 
the pjmns of Khotan and Yirkand. In this jrttnge is the 
great nameless peak symbolized as K. 2, rising to 28,270 
fiset, and second only to Mount Everest in altitude: also 
the great Mustdgh glacier and the Karakoram pass, through 
which lies the ordinary route from India to Yarkand* 
Owing to its great altitude, viz*, 18,317 feet above the sea, 
this pass is practicable only during the sununer months* 
The flrst heavy fall qf snoW in October closes it to traffic, 
and it remains im])nssablo till the following May, 

From h^ikkim v^estward, the groat mountain mass of the 
Himdlaya is bordered by one or more lower ridges of hills 
of adiflereiit geological structure, and generally distingnislu^ 
as the Bub-Hinidlaya. The long straight valleys between 
and behind the ridges are termed Ddns, or Mdris in NepdL 
Between the Ganges and Uie Beas the v>utermo8t ridge is 
known as the Bivalik range. The geological and structural 
relations of the Sub-Himalaya to the greater mountain mass 
will be noticed presently. 

A remarkable feature in the physical geoj^pby of the 
Fimdlaya, which has attracted the attention* of most 
travellers who have penetrated beyond the great snowy 
range, is, that the higher valleys are now, or at some former 
time, have been filled enormous deposits of sand 

and gravd. The most striking example of this, hitherto 
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described, is afforded by tbe upper valley of tbo SatleJ, in 
the Tibetan province of Gdge, lying to tbe west of Lake 
Manasarovar and north of the British provinces Koniaon 
and Oarhiral, It is approached from these provinces by the 
Niti pass, at an elevation of 17,00<) feet. On crossing this 
pass, says Qeneral Strachey, ** we find ourselves in a plain, 
120 miles in length and varying from 15 to GO miles in 
breadth, that stretches away in a north-westerly direction. 
Its western portion is ever3rwhere intersected by stupendous 
ravines, that of the Satlej being nearly 8,0(K) fei^t deepi 
The sections, afforded by these, enable ns to see that this 
plain is a deposit of boulders, gravel, clay, and mud of all 
varieties of ftieness, laid out in well-marked binU that run 
nearly parallel ^ith. the surface, and that hardly deviate 
from a horiaontal position.” Tlio surface of this gi'cat plain 
is between 14,000 and 1G,000 feet above the level of the 
sea. Similar deposits have been de8crii)cd in the Spiti 
valley, the Indus valley, 4^o., but they have there nndergono 
much destruction, and only remnants of them still adhere to 
the mountain slopes. The valley of Kashmir, at about 5,800 
feet above the sea, ig another great alluvial de})08it, wliich 
the river ffhclam and its tributaries arc now cutting away, 
leaving a series of terraces that mark the different levels, at 
which the rivers j;iavc once flowed. All* those great deposits 
have been formed from the waste of the mountains around. 
The most probable explanation of their origin is, that they 
were deposited in grdat lakes that occupied the hollows of 
the dlbun tains before the rivers had completed the excavation 
of their present valleys. In the Qfigo do|)osits, the bones 
of various extinct animals are found, deeply buried in the 
gravels ; in such m&ncr, that their remains must have been 
deposited when the gravels were in course of accumulation. 
Among others, those of esptinct species of horse, elephant an^ 
rhinoceros ; also an animal related to the goat and sheep, 
and the hippoiherium^ of which no rcpi^sentatire exists at 
the present day. 

The Himalaya may be said to terminate in Kashmir, and 
on the north at the sources of the Qilghit river, a tributary 
of the Indus. Beyond this to the west, with an exception 
presently to*be iy>ticed,, the direcUon of mountain rangea 



126 


AFOnANISTAK — BILUCUISTAN. 


is totally different, and parallel to tho Indus in the lower 
half of its course. In Banair and EafirisUiii, this direction 
is approximately north-east and south-west ; and further 
south, where tho Indus issues from the Balt-rilige on the 
plains of the Panjdb, north and south. The chief exception 
is the Safid Koh [10], which divides the valleys of the K&bul 
and Shmiiil rivers, and runs east and west from Peshfiwarup 
to the tableland of Ivdbul. Several peaks of this range are 
15,000 and 16,000 feet in height. A range south of tho 
Shamil river and«one or two other smaller ridges run parallel 
with tho above. Another exception is exhibited in the 
lijalt-range [9]. This is the range at the edge of the little 
tableland (about 2,000 feet high) which occupies the angle 
between tho l^afid Koh and the Sub-Himdlaya. It is drained 
into the Indus by the river Bohan. 

Tho Sulaimdn range bears somewhat the same relation to 
the* tableland of Afghdnistau that tho Himdlaya does to 
Tibet ; but both the tableland and its boundary range are 
very much lower. Tho highest peak of the Bulaimdn range, 
the Takht-i-Bulaiindn, is only 11,600 feet in height, and the 
city of Kdbul, on tho northern and highest part of the 
tableland, is but a little over 6,000 feet. 

The lldla range, to the west of Biudh, and running also 
north and south, is itill lower. Bildchistil^p, like Sindh and 
much of Afghdnisian, is a very arid country, large tracts 
being absolute desert. A little vegetation only is met witli 
along tho courses of the rivers, which rtirry down tho scanty 
drainage of mountains, and generally lose thcmselTbs in 
the sands, or are used up for irrigation, before they reach any 
permanent stream. This is not tho case, however, with the 
rivers of Kdbul, which drain the snowy* ranges of tho Safid 
Koh and tho iliudd Koh, and are, at all times, well filled 
streams. 

Tho greater part of Afgh&nistun is di'aincd by the tribu- 
taries of the river nelmnnd, which discharges itself into the 
salt swamp called tlic Beistan lake, on the borders of Persia, 
and lying 1,550 feet above Uio sea-level. 

Of the countries to the east of the Great Dihong river, at 
which the eastern Himdlaya may be said to terminate, wo 
know but little. But there seems to be little doubt that the 
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great rouges of moimtains that run down from the Tibetan 
tablclaud have a meridional, that is, north and south, direc- 
tion ; while, in the valleys between them, the great rivers, 
the Iraw^,* the Yaug-tse-kiaug and the Mekhong or 
Cambodia river, carry down the drainage of the snow- 
capped peaks and ridges tliat border Central Tibet, To 
the south and south-east of Asdin, the prevailing direction 
of the principal chains is intermediate between that of the 
HimiUaya and the line of the Irawadi valley. Thus the 
Pdtkoi range, south of Upper Asuiii, aud^heBarril rang^ 
north-east of Kachar, run north-east and south-west, while 
the Gdro and Khusi Hills between Lower Asfim and Kilhet 
run east and west. All tho chains of Arakan and Burmah 
run north andsiouth ; and such is also therefore the prevailing 
direction of the rivera. 

We must now turn our attention to the great plain which 
lies along tho foot of these several mountain systems, separat- 
ing them from peninsular India, and stretching frouT sea 
to sea. Tliis, although truly described as a plain, is for 
from being absolutely level. Its highest point lies at the 
foot of the Siviiliks, between the Jumna and the Batlej, 
where it is more tliao 1,100 feet above the sea. It declines 
from the foot of tho hills towards the south, and from tho 
Jamna-Satlej water-shod towards thfc cast ; so that at tho 
foot of the Bileini hills and in Lower Asuiii it is only 
about 300 feet, at Agra 550 feet, and at Sdhebganj 115 
feet above sea level. ^ Ou the side of the Indus valley, tho 
slop<ws from north to south (along the line of the Indus) ; 
and from east to west, from the foot of the Aravali chain 
nearly to that of the Hula and Bulairodn ranges. Hence it 
follows that, whiles tho Ganges flows along the sonthern 
margin of its plain, or at tho greatest distance from tho 
hills, tho Indus flows along tho foot of the boundary range. 
Were the drainage of the Sulaim&u and Hdla mountains 
as copious as that from the Himdlaya, the alluvial deposits 
brought down from those mountains wofid raise tho level of 
the plain at their foot; and, in the course of the time, the 
Indus would be driven to a distance from these hills, just as 

, Thsvicir her« taken of tkia dabatakls pl«ce of gewsphy la that 
advocated in Dr. J. Aaderaon** Bitpoti, on Che £xpediUoa to Wcetem Vutaa. 
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the Ganges is from the Him&laya ; but, as we haye seen, 
this pitrt of the country is almost rainless. 

Immediately along the foot of the Sub-HimAlaya, the 
outward slope of the plain is comparatively r||pid. This 
elevated margin (termed the Bhdbar or Bhdvar, or JhM in 
the NortlirWost Provinces and Hepdl) is formed of the 
coarse gravel and shingle brought down b^ swollen torrents 
from the hills, and deposited, as soon as their velocity 
is checked, on reaching the plains. It has a dry surface, 
except in tlie rai||^ season ; streams of considerable volume 
soon sinking into the porous ground, to reappear along the 
lower fringe of the coarse deposits.’** Along the foot of 
the Nep6l Himalaya it is covered with magnificent forests 
of Bil-timbcr ; whence, in this region, the Bitlrforost is use4 
as a synonym of the Bh^var, 

To the cast of the Ganges, at Hardwdr, remains of an 
ancient Bhdbar deposit become frequent and of increasing 
thicicness ; till, in the far cast, at the base of the Bikim 
Himdlaya, they stand at 1,000 feet over the actual torrents.” 
Earlier dosoribers regarded these deposits as an old marine 
formation, originating at a time v^hen the Oangetic plain 
was covered by sea, but no mariife remains of any kind have 
ever been found embedded in them. At Buxa fort, in the 
Bhotan Doors, it appears, from Major Godwin Austin’s 
description, that a deposit of this charactei occurs at 2,400 
feet above the sea. 

The Bhdbar occupies a zone 10 oi; 15 miles wide. At 
about that distance from the hills, the charsiptcr the 
country suddenly changes, f *Hhe extreme dryness of the 
forest belt being succeeded by a line of swamp, clothed 
by a tliick growth of reeds and grasses this is termed t^ 
Tarai. Its relation to the Bhdbar may be thus explained. 
The small streams issuing from the hills, loaded with gravel 
and pebbles, deposit these coarse materials immediately on 
their exit. Into the porous deposit thus formed, the waters 
aink, until, reaching the clay bed formed by the finer sodi- 

* TbMO quoUUoos sre firom Mr. MedlicoU*s Sltetth of the Geology of tho 
North-We»t Provinces. 

t Gaptolii R Stniohey*s Geslogy el ths Biiii41aysi*-Giiirtf Jonn. Qsol 
1851. 
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ment at some depth from the sorface, thev flow down it and 
iaaoe in the Tand, whioh lies along the margin of the 
BhAbar« 

The greait plain that lies beyond the Tarai, although 
fteqnentiy spoken of as the alluYial plain of the river, is very 
far from being all snbject to flooding. By far the greater 
part is at a considerable height above the rivers, and is cidlod 
Bhdngar by the cultivators, the old alhmium in the pnblioa* 
tions of the Oeologieal Survey. The low flat plain, ''the 
alluvium proper, along the margins of the^rivers, which ii^ 
liable to flowing, and is called hhddar land, is bounded 
against the Bhdngar by steep banks, cut (at some former 
time) by the river. The Bhdngar land is always undergoing 
destmetion, since it is frequently cut into the river, in 
consequence of changes in its course, and by the small streams 
that oany the drainage of the higher imriace into the mabi 
rivers; while it lies at too great a height to receive any addition 
on the surface from the flooded rivers. Largo tracts of this 
land occur, more or less isolated, amid the alluvial plains of 
lower Bengal. The station of Bhdgalpdr stands on such a 
patch of Bhdngar, or old alluvium. Another larger isolated 
patch, known as the lif&dhapdr Jungle, stretches for 80 miles 
north of Dhdka ; and a ridge of the sapae formation, selecM 
for the line of the Daijiling railway, rune from the banks of 
the Ganges at B&ipibr Bodlid op to the foot of the Sikim 
hiUs. 

The Indus plain is very different from that of the Ganges, 
Eicopff thatf^art of the river bed which is deserted after each 
flood season, it receives no deposit from the river ; and since 
the country is rainless or nearly so, there is but little cutting 
away of the surface, aid, with rare exceptions, no drainage into 
Ae river. AJl that tract lying to the east of the Indus is a 
great desert, except in the immediate neighbourhood of the 
stream, where cultivation is rendered possible by irrigation 
from the river. 

Of the charactmlstic rock formations that enter into tlm 
etroeture of the HimdUayay scarce one can be identified as 
an extensioiL or exact representative of those met witii in 
PenittiiiliS India. Its logical history, as far as it is 
laiolm»iiiay be s^pmed npby saying that^ for on umamtss 



iso aSOliOGT 09 9RB HIMALATA* 

period of the earth^a histoy, « great portioiii possibly the 
whole* of the Himalayan arei^ was a sea bottom oe which 
sediment was tranquilly deposited, entombing the remaihs of 
miiay successive kMds of living craaturesw* Tb^ ere all of 
such kinds as have lived in the sea ; whereas we have seen 
that, in the sedimentary rooks of the Peninsula^ either no 
organic remains have been fonnd>* or else such only as are 
of land or fresh water origin. Xhe mountains ndrth of the 
great snowy range, that border the valleys of the Satlej 
^and the Bpiti river to the south, are formed of a great 
series of stratified rocks, eontainkg fossils of almost jery 
great formation from the Silucian to the NmmdiUc or 
Xmcer j&Jocsns Epoch; rocks of the Cremeeous period fofrm ‘ 
the summits of mountains of 20,000 feet and upwards. 
Clearly there then could have been no great upheaval of 
ttiis mountain mass till the Eocene epoch. The axes of the 
grtater ranges consist of a highly metamorphosed rock, a 
kind of gneiss, and this is followed by an enormous thick- 
ness of stratified rocks less metamorphosed, ou which rest 
the foBsiliforous rocks above mentioned. This is to the 
north of the snowy range. On the south of this axis tiie 
fossiliferous rocks are wanting, bift there is a peculiar 
formation or series o( fomatbns, in which no trustworthy 
fossils have been discovered, and which are frequently much 
metamorphosed, that may pcmibly represent some portion 
of the fossiliferous series of Spiti, Bukshfi, and Ouge. 

On the other hand, it is undoubted that, in times subse- 
quent to the Nvmmtditic e^Kxdi, thore have beSi mere than 
cme disturbance .on a gigantic toale* The stratified ro<^, 
represented in Fig. 7 as contorted and broken, are all of 
later age than the NumniuUik rocks, and those farming the 
Bivaiik hills are very much morejrecent. Ur. Uedlicott, 
from whose work much of this description has been con- 
^densed, has demonstrated that a large pcertion of the area, 
now occupied by ,t]ie Himalaya, was probably raised above 
the sea l^ore the oldest of those debits were formed, 
which now constitute the SuhJSimalaya; but there w%s no 
crushbg of the rodks, and presumably no mountain chain 
until after tlie older Eogme or JVkmfliuMtb period (to whksh 
bekbg Uie oldest of the SuinHiindlalfmi r^s). 
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« After ihe great motmtoin chain bad been 
its great .vaUejs fonhed^ the waste of V the.': ires 

tk>iured out into a sea^ l^ssMy an inlaiid at their foot 
The deposits thus fbnii^ whre then again upheay^.; and 
contoiiM, and^addedr to the^monntainsy and. after an int^al 
the same thing was repeated 4 . 

- ’ ^ the. great 'Him&layan chain haa^ thtis 

been the ^ork of a naj long geological period althongh^ 
< as ‘Coihpared With^ some df^ the old monntaias of .t^ 
Pemnsular, it is recent Yet, sinc^ the last grea( 
distorbanco tbok'^lace^ contorting and upheating the strata 
of the' Shfilik hillt, a Tory long time indeied fmnst ;hare 
elapsed. In these hills,: Dr. Falconer and Oolonel CanHey 
fonnd very numerous remains (chiefly bones and teeth), of 
a niunb^ of ^eat animals, all of which are extinct 
include an anunal called the Ohalicdtkirhmt which is sonie- 
wW fdlied to the Bhinooeros, an extinct form of 
potomns called the Heotafiroto^ix a Hippotheriam, 4 pig, 
two species of Mastodon (pn animal closely resemlifing 
the elephant,) two kinds of , elephants, a monkey allied to 
the Hdnum&n, a giraffe^ acamel, aa.antflope^ a 8tag,;and 
a gigantic creature ihe .iStVdtAerttim, a four-homed 
deer, far exceeding in size any exii|tmg deer. They also 
include vmany kyids of flesh-eaters «and reptiles;, but 
perhaps the most striking^ of these extinct creatures is the 
Coloasochilffs, an enormous tortoise, the shell of whicli 
alone is more thim 12 feet long and .eight feet across, so 
that iSh^vSt length of the animal was probably eighteen 
feet, and its height sem feet. As Dr. Falconer has 
remarked, it may irell bare realized the well known Hindu 
fable of the tortoise ftfaat earries air elephant on. its baekf 
mid he speculates m the possibility of this animal having « 
lived on the later tunies; when been seen by maU, 

and have suggested the fable. y 

These terti^ debits form a continuous , fringe along 
the southern nmigiS^ of ibO and, as far east na* 

thetall^^ the SosMir^ ^stinet of hills enclosing 
the vDdnS fleSdfted iit^ pag4; Opposite Sikim and 
lll^stem Bhotmi, this.chaihvofll^ is s^^ 

'in Question are, tl^<iMiCiq^ eox^mp aoiecncealei 
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by th« newer deposits of the phun \ and ore to be seen only 
in Ae gorges cut by the rirers and hill shreams. But fiiiiiMr 
to the east, in Asi^ they are exposed as extenshrely as in 
the Western HimtUaya; sifl on the south of that rdloy 
they are oontorted and thrown up into tiie great range of 
hills,, the Bniril range, which forms the boundary between 
British twritory and the smni-independent State of Manh 
pdr. Ihis fact shows that this range, as weU ae pobably 
a large part of the mountain syston of Arakan, is of no 
igreater antiquity than the last great movement of the 
The eaaee remark is tme of the KhAn and Sdro 
hiUs j for rooks of the same age are to be mot with, oappinw 
qmne of the hills mi this {dateau ; and alonff their foot, li; 
Silhet and Maimansing, they have been listnrbed front 
their once horieontal pdsition, inclined at a high angle, and 
located by a series of fractures which run paraUel with 
th^eSoarpment of the hills. 

Bor a long time prerions to these distntiisnoes, there must 
hare been land to the north <tr east, and even at interrale in 
the region itself. Not only are these newer rooks of such 
a charaotw aa shows them to hare formed at no gnat 
diatanee from land lying in that direction ; but tim <dder 
sedMentary rocks, op which they rest, belcaiging to the 
Eocene sad Cretatemu periods, thow ^jmilar inmcstiooB. 
On the EhAsi hills, rooks of both these ages contain beds of 
coal, which, as wo know, are the remsms of ancient forests; 
and in Upper Assam there is a large Snd'important devtiop- 
siMit of the same useful mineral, in rooks wblbhfdK Med- 
lioott has shown to belong larobably to the latter part of 
the Cretaceous epoch, There rnnst, therefwe, hare bemi 
move than one alternation of land and sea k this ngkm 
• about the end of tiie Cretaeeouc period and the subsequent 
Scee^ to whi<di btiong the marke liuMstone and'oQsl 
‘^mentioned at page 46. 

Wo trill BOW turn our attautum to the western extreialiy 
of the HimAlaya, tiie hiUs of the Bnqjah and thoee ahmg 
tiie lower eanrae of the Indus; ny notiM d these wSlbe 
fWty ehiei^ beosnso tide regka is at pnsent less 
kai^ thau thow afaeady described. Thf ^tekt kioye 
tin lNiH'<snge> w weU as tiw Baalia poHKStoid^tD^ 
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ihe same as those which ferm the outoHimilayai 

tiie fiiyaliks, 4Sbe. Hieee extend op to the north foot of the 
Salt-range, and rest on a series of more anoint rocks, repre- 
senting altogethor m normons Geological period. At the 
Yety base of all, and therefore the oldest, is the fomation 
ftom which the range takes its name,^ series of sandstonec^ 
and days containing beds of pore salt, the residue probab^ 
of a dried up salt lake or lakes, that existed here at a very 
early period of the earth’s history. Following this, is a 
great aeries of formations, very similar to those noticed on a 
prerions iHige^ as forming the mountains around the Bpiti 
and Batiq vall^s in Tibet ; containing marine folisils of 
Silurian, Car^iftraus, and many subsequent periods in 
succession. 

There can be little doubt that the Salt-range, with the 
plateau abore it, was upbeaved either at tbe time the 
Sivfilik hills were formed, or perhaps later ; and it is probable 
that these formations would be found to extend for some 
distance under the lower plain, were an excavation eanried 
to a sufficient depth. 

The Sulaimiu an^ H&la ranges are at present but little 
known. As far as they have been examined, they appear to 
be composed of upraised ridges of ierttcuy rocks similar in 
age and character to those of the Sub-Himfiaya. There 
are inobably older sedimentary formations exposed on the 
west flanks of the Sulaiman range, to judge from a remark of 
Dr. Fleming's; but these hills are npt readily accessible to 
casuaTvlsiArs, in consequence of' tbe predatory and lawless 
character of the tribes that^ inhabit them. Enough is 
known, however, to enable us to say that these hills, like 
the Kach&r hills at%he opposite extremity of the Himalaya, 
are not of older date ttm the Bivdliks. Probably all 
these chains, despite their difference of direction, have been 
upheaved at about the same Geologieal epoch, viz., one bflt 
mtie anterior to the existing state of#thin^. Ue same 
remark is amlioable to the hills of Bildchistan to the west 
df Sindh, which have been vhdted by Major Vicary. 

From the descriptions given hi the two foregoing chaptm, 
it wUl he seen^ that both in pMnt of physical eonformatioa 
wAmUMot ^rortureoaigeolDg^MBt^ 
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and mountains of the Peninsula are very distinct from the 
encircling chains. Tlie elevation of the former is of high 
^iquity, that of the latter geologically recent. The 
fl^er region has, for the most part, been land ; the latter, 
for the most part, sea. The surface of the former may be 
eompared to a palimpsest on which each succeeding age 
has scored its record of ridge and valley, obliterating and 
defacing those which preceded it. That of the latter, to an 
old Shdshand somewhat battered and corroded indeed by 
time, but still exhibiting the original characters distinctly 
and legibly to those skilled in their decipherment. 



CHAPTER XII. 

T^E CLIMATE OF INDIA. 

By the tenn climate we mean the condition of a country in 
respect of its temperature, the moisture or dryness of the air, 
its rainfall, direction and force of the wind, the frequency and 
violence of storms and the like; all of which depend prU 
marily on the quantity of heat received from the sun, and 
secondarily on the latitude of the place, its distance from 
the sea, and its elevation above the sea-level ; also on the 
character of its surface, whether mountain or plain, whether 
clothed with forest, or bare of vegetation; and on the 
direction and height of its mountain ranges. Few countries 
of equal shse present a grisater variety of climate than India; 
and in this concluding chapter, it will be our business to 
notice some of the striking variations it exhibits, and to point 
out the causes on which they more immediately depend. 

Although India is ^itiUit^ some distance to the north of 
the equator, (the southernmost point of Ceylon being about 
in N. latitude 6^), and although about half of its area lies 
altogether withoiub the tropics, it is on the whole one of 
the hottest countries on the earth. The Ihie that encircles 
the globe, indicating the zone of greatest heat, r ■* '•'ulled 
the e^ator of t&n^eraturo, (to d^ioguish it frout-^e 
equator of its figure,) runs north and south through the 
southern part of the Peninsula 4lnd Ceylon ; and then turns 
off, towai^s Java in one direction, and towards the south 
coast of Ar^ia in the other. It is therefore an irregular 
line, not a true circle ; and some parts of it are hotter than 
others. The hottest places traversed by it are situated in the 
north-west comer of south America, in Africa and India. 

The high local temperature of ie partly to be 

attributed to the different behaviour o^and and water when' 
heated. Of the sun^s heat that falls upon the sea surface, 
a large part is used up in evaporating the water, in turning 
it into vapour without greatly hearing it; whereas, on a diy 
land surface, nefigly the whole of it is effective in raising 
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the tempereture. Hence iUbe land surface of India has a 
higher temperature on an average than the sea to the 
southward, ^though the latter actually receives more of the 
sun’s heat. But another, and not less important reason, is 
the existence of the Himalayan chain; which, rising to 
an average height of between 18,000 and 20,000 feet, bars 
access to any cold winds from northern Asia ; while, towards 
the south, India is open to the mild damp winds fnnn the 
sea. If the Him&laya and Tibet were obliterated or ev^ 
gondiderably lowered, or if, instead of running east and west, 
the chain ran north and south, it is probable that the climate 
of India would be no warmer, it might be even much colder 
than other parts of the earth’s surface under the same 
latitude. If, for instance, the Himalaya occupied the place 
of the Western Ghats and the Aravalis, and the Gangetic 
plain were to stretch far away to the north where the 
jEEimdlaya and the Tibetan tableland now exist, this would 
certainly be the case. For the south-west wind would then 
be arrested by the mountains, while, during the earlier 
months of the year, an intensely dry and oo3d north-east 
wind would blow unimpeded from ^le wastes of Central 
Asia. In a climatal, not less than in a political, point of 
view, then, the Him&laya is a groat natural bulwark. 

Different parts ofi India differ greatly 4'om each other in 
temperature at <me and the same season of year. In the 
months of April and May, the hottest region is situated 
about Central Indiaj^nd Rajpdt&na. On both the sea coasts, 
and for some distance inland, the heat is mitigatecTby the 
comparatively cool winds tivat blow from the sea towards 
the more highly heated land : and occasional storms also help 
to cool the air by the evaporation of the moisture they 
precipitate. In A^m and Kach&r the heat is never very 
intense; heavy showers fall on the hills and valleys In 
March ; and in April and May they are frequent and copious. 
The country is eoversd in great part by a luxuriant growth 
*of forest, and in the 1^ grounds of Silhet and Kach£r large 
swamps exist through Ihe year. All these circumstances 
tend to keep the air damp and comparatively cool ; partly 
because there is gredt d^ of evaporation from the water 
surfaces and from the leaves of the forest^trees, which, aa 
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has bean* ahrsady explained^ uses up a considerable qnantitv 
of the sun’s heat; and p^ly because the clouds (which 
being condensed Tapour, are more prevalent there than in a 
dry climate) intercept a large pro{^rtion of the sun’s rays. 
There is another cause operating in these and other hUly 
countries whidh mitigates the heat of the vall^s. 1 have 
cx^ained in previous chapters* that the earth gives off in 
the night time, when the sky is clear, the heat that it has 
absorbed during the day from the sun ; so that the air, imme- 
diately over the ground, is cooled by contact with it tom 
lower temperature than that which lies somewhat higher up ; 
and 1 have alsd explained that cold air is heavier than warm 
air, and therefore tends to sink, for the same reason that 
heated air tends to rise. The air resting on the mountain 
slopes is therefore cooled, and becomes heavier than that 
which is at the same height over the valleys, and the former 
flows gently down, just as water would do in a' similar 
position. This accumulates in the valleys, and often 
produces fogs in the night time, which are not dissipated 
till some hours after the sun has risen. Standing on a hill 
top in the early moiping after a clear star-light night, the 
spectator frequently sees below him nothing but a sea of 
opaque fog, filling all the valleys around ; from which the 
hill summits stand out clear of cloud, like islands in the 
ocean. In the great river valleys of the Him&laya, the 
quantity of cold air thus drained, as it were, off the mountain 
sides is such, tHCt ft flows down in a strong current 
towards the plains, blowing with considerable force as a cold 
wind for some hours during/fbe early morning. 1 shall 
return to this suUect presently when 1 have to describe 
more particularly tne winds prevalent in India. 

^In the rains, the distriWtion of temperature is very 
different. The Panjfib and Bindh are now the hottest parts pf 
India, and next to tiiem the Oamatie. While all the rest of 
India is cooled by tiie monsoon i^i|^ these two tracts are 
lainless or nearly so, owing to catisOi^hich will presently bO 
exfdamed. On the other hand, the coolest parts, at this 
aeaaon, are Bengal and the west ooi^ below the Ghats, which 

* CShsf t€r By psfBjl^ tad CbapCW y, |M^ 
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are precisely those vhere ram falls most copiously. The 
^evaporation of the fallen rain and the shelter from the sun’s 
rays afforded by the clouded sky are. clearly the causes that 
prodace these differences. They are most aCtlTO iU thS lattSf 
regions; least so in the former. 

* Xiastly, in the winter months^ the Panj&b, which Was the 
ho^^ region up to October, becomes the coldest in India. 
It is in a higher latitude than any other part of India, and 
therefore receives less of the sun’s heat. And being far from 
tjie sea, it radiates away into space, daring the night time, a 
larger proportion of heat than it receives from the sun in ' 
the day, and much more than the sea surface; or even than 
those parts of the country that border on the sea.* More- 
over, at this season, it receives occasional showers ; and their 
. evaporation contributes somewhat to lower the temperature, 
scanty though they be. The warmest part of India is now 
the southern extremity of the Peninsula. 

The above remarks apply more particularly to the plains ; 
but differOhoe of elevation also causes differences of tempera- 
ture. Any one who has visited Simla, Daijiling, the 
Nilgiris, Mount Abd or any other hill station, is awamthat 
the climate, more especially the temperature of th€»e stations, 
is very different from that of the plaina. 
indeed, is quite as great, nay actually 
is clear; but notwithstanding this, in any place, the 

heatpf the air at no time of the year sor^^uxceeds that 
of the plains at the heii^t of the cold season^, and Europeans 
resort, therefore, to these stations, to enjoy a climate which in 
this respect resembles that Ot^outhem Europe. The cause 
of this has already been partially explained in the second 
chapter.f It was there stated, that a masifofair^in ascending 
through the free atmosphere, expands and becomes cooled; 
a phenomenon which can however be thoroughly understood 
omy hy those who have made some progress in the know- 
ledge of that part of physics which treats pf heat: for our 
ppeseut purpose, the blatement pf this fact mast suffice. But 
these is auo&er cause which inflaencea.:idHr.t 0 mpera- 
tum at. these altitudes ; and which 1 will adr^ to, jri^erring 
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the readers for a fuller explanation to some work on physics. 
The sun’s hea^i coming^ as wo now know, from a body at a 
yerj high temperature, ;^se8 through the air comparativoly 
mumpededy when the latter is free from cloud; so that, 
'w^n the sun is verticall j overhead, about three-fourths of 
it reaches the ground surface under the most favorablo 
cju^umstances, the remaining fourth being used up in warming 
the air. The ground Absorbs this boat, and at the same 
time the surface gives it out again, partly to the air in 
contact with it,, partly by radiation, in nearly the same 
form that it received it. In nearly but not quite the same 
form. The heat, coming now from a dark or non-luminous 
body, has undergone a change which prevents it passing 
so freely through the atmosphere. The air, or, strictly 
speaking, the water vapour which exists in the air, absorbs 
this heat greedily; and this is more particularly the case 
Xith the lower layers of the atmosphere, which contain 
most vapour. Hence a further reason why the air near the 
ground is warmer than that at greater heights. * 

Another kind of temperature variation, and ono very 
important to health, is that which depends on the alterna- 
tion of day and nigfaH. In a damp climate, such as Lower 
Bengal, and more especially Eastern Bengal, at all times of 
year, the differen(|e between the aftempou temperature and 
that of the early morning before sunrise (the hottest and 
coldest periods of the day^ is very much less than in the 
dry climate of Ceiftral India, the Pani^ and Smdh; and at 
ahy ollb'^lace, it is less during the*'^&p than during the 
dry season of the year. , The ^Rse is that just refeir^ toy 
viz., the absorption . of heat by the vapour of the atmosphere. 
The heat given- off By the earth passes freely through dry air, 
much as l^ht passes through glass or water ; but^e vapour 
that is in &e air, though equally transparent to light, is, as 
has already been explained, not transparent to heat, moift* 
especially than that given out by a no;nduminous body. It 
absorbs, it and beocaneswira^^i^ idlowing it to pass 

freely and escape. Hence damp air aets to the eoi&’s surface 
xnuen-aa a blanket does on the^human body;, it prevents the 
empe of heat, and helps to retain daring the night time the 
heat that has bq^n absorbed from the sun during the day. 
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It,;iras explained in Chapter II that the primary cause of 
the winds is the unequal heating of the air the sun; and 
that, in most cases, the air moVes on the surface of the earth, 
towards the hottest places, from those which are cooler. 
We have very excellent illustrations of this law in the 
Indian monsoons. In the cold weather months, as we have 
just learned, the Panjdh is the coldest part of India ; and 
accordingly the wind blows thence towards the warmer 
^ains of Bengal, and to the seas on both sides of the 
Peninsula. It also blows from Upper Asdm towards the 
Bay of Bengal and from Central India towards the coast of 
Bombay and the Arabian Bea;— in all these cases from a 
cooler to a warmer region. On the land, the course of these 
winds is far from uniform, for they are necessarily very 
much influenced by the irregularities of the surface ; but at 
sea, the level surface of which allows them to move with 

S ’ freedom in any direction, they blow with considerable 
arity from the north-east. The prevailing course of 
the winds in the months of November, December, and 
January is shown in Fig. 16 by the strong white arrow- 
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beaded lines. Tbe stream of air is bemmed in by the 
Himalaya on the north and by the Sulaimdn and H&la 
ranges dn the west ; while the level plains of the Ganges and 
Indus valleys allow it a free passage. This winter wind is 
very gentle, and in the Panjdb and North-West Provinces, 
the air is very frequently quite calm. Storms never occur 
during this monsoon, and the sky is generallv clear and of a 
very pale blue or grey color. On the Himdlaya, at heights 
above 7,000 or 8,000 feet in Sikim, and at a much lower 
elevation in the North-Western HimAlaya, the wind is gene- 
rally from the south ; and in the Panjdb and the upper port 
of the North-Western Provinces, it is not unfrequently from 
the east and south-east. These secondary winds are shown 
by the dotted arrow-headed lines on the figure. They are 
sometimes, but less frequently, felt in Lower Bengal, but in 
Cachar again they are very frequent. They bring cloudy 
weather, and sometimes rain. Tlieir explanation has already 
been given in Chapter II, page 26, where I have termed 
them the anti-nionsoon. They are portions of a current of 
air, coming from a great height in the atmosphere over the 
Vorm region to the aouth of the equator, which, becoming 
gradually cooled on the mountain slopes, and by giving off 
its heat into the free space above, descends on the plains of 
Upper India, and replaces the air thriit is flowing away to 
the southwards. 

In the rainy season, the course of the winds is idmost 
exac tly t he -reVSfse bf the above, 'JSw Panjdb is then the 
hottest part of India, and as s]|tdm in Fig. 17, the winds 
blow towards it from all qudners. In southern Lidia the 
plains of the Oomatic, and in Ceylon those of the east coast, 
are the driest and warmest regions ; and hither accordingly 
the winds tend, chiefly from tbe direction of the west coast. 
Li Fig. 17 the arrows which represent the winds are more 
crowded than on Fig. 16. This is intended to indicate the 
greater steadiness and velocity of thw south-west monsoon 
(so called, because, at sea, it blows almost directly from 
south-west). Li tbisfigiire, as in tbe former, we may 
observe how the course of the currents is influenced by tbe 
Himdlaya. Were this mountain chain absent, the winds 
from the Bay of Bengal, instead of curving round towards 
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Fig * 17.— Wind Chart of thk Summkr Monboon. 


the nortli-wost, would, in all probability, maintain their course 
in an opposite direction towards the interior of Asia ; and 
the Upper Provinces would receive a diminished rainfall 
from the Arabian Sea only. But the Himdlaya opposes a 
groat barrier to any iuch passage, and the southern slopes of 
this great mountain chain and the Gangetic plain receive 
an increased rainfall, at the expense of Tibet and the countries 
further to the iiorthl 

In the south-west mon?OQu there must be a return current 
in the upper atmosphere tovwds the south, — another anft- 
wonsoon, which probably follows somcw]^at the same course 
as that indicated by the strong arrows on Fig. 16 ; but it 
is at too great a height to be perceptible ; and in order to 
establish its existence, wo must wait till some bold aeronaut 
shall repeat, in India, the splendid balloon ascents of Messrs. 
Guy Lussac, Welsh, Glaisher and Coxwell, to whom we 
owe so much of our knowledge of the upper regions of the 
atmosphere, as they exist over western Europe.. 

The winds of the hot weather are different from cither of 
the systems already described, and seem to offer a partial 
exception to the rvde that the movement of the air is from 
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a colder to a hotter regiohy^ At this season in Lower 
Bengal and Orissa, the winds blow chiefly from the sea 
towards the highly heated interior, and conform therefore to 
the general rum ; . but this is the case only for one or two 
hundred miles inland; and beyond this, hot dijj^ westerly 
winds prevail during the heat of the day ; dying away to a 
edm during the night. Yet the temperature of the North- 
West Provinces, EdjpdUna and Ndgpiir is greater than 
that of Lower Bengal, especially during the day time. 
These winds are clearly due to the heating of the air by tl^ 
sun ; but it is shewn by the registers of tcinperaiure at the 
hill stations of the North-West Provinces that the great heat 
is chiefly restricted to. its lower stratum, which is heated 
partly by contact with the gi'ound ; and partly owing to the 
absorption of the sun’s heat by the dust with which it is 
highly charged. It was explained in the second chapter 
that warm air is lighter than cold air; but this is«only 
true supposing that the heated air is free to expand ; and 
even then, it is lighter only in the sense that wood is said 
to bo lighter than load ; because if two pieces of the same 
mze are weighed, the foiaiier is lighter than the latter. A 
pound of one is of course as heavy as a pound of the other, 
but the pound of wood occupies inort; space ; in other words, 
it is less dense. If air is heated and s(\ pressed upon that it 
cannot expand freely, it remains of the same density, but 
presses in all directions. It presses sideways as well as 
upwards, aud^J^^tliCt resistance in so^ lateral direction is 
some jftet Icss^an that which it h^ tifm'crcome in expanding 
upwards, it will expand in thyibrmer direction to a greater 
extent than in the latter. To apply these remarks to the 
case of the heated •layer of air that covers the ]>lains and 
tablelands of the Upper Provinces. Tlie downward pressure 
of the superincumbent atmosphere, in the hot weather, is 
somewhat less in the western part of Bengal than in the 
Central and Upper Provinces. In expjitiding, some of the 
heated air from the latter therefore rushes in that direction, 
relieving the excess of pressure, and causing tlie hot wind. 
This appears to be the explanation of these winds, which are, 
indeed, not peculiar ta India. They are felt in Boutli Australia 
and even in l^asmania, where they arc north-west winds, 
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coming from the heated int^or of the former continent. 
It is probable that the dreade.d simooni of the Libyan and 
Arabian deserts, sometimes felt also in Sindh, is of a similar 
character, but even more intensely heated. 

Another phenomenon of the hot season of Upper India 
is the dust-storms, which sometimes occur in the after- 
noon, when the lower stratum of air has beeq intensely 
heated during the morning. They frequently have the 
appearance of whirling columns of dust of great height, 
<]fiyen by a violent eddying wind ; and are sometimes, but 
npt always, followed by rain. They are due to the ascent 
of the heated air. At some point or other, owing to some 
local favouring circumstance, a part of the heated lower 
stratum, pressing on all sides as above described, manages to 
expand upwards, and to form an ascending current. The 
equally hot air around then rushes from all sides in towards' 
the ifpot, carrying with it clouds of dust, which are borne 
aloft, and scattered in the upper atmosphere. The cooler 
air above descends and replaces that which has escaped, and 
itiQ storm is followed by a marked fall in the temperature. 

At times of the year when no steady moonsoon is blowing 
on the coast, the wind blows alternately from the sea to the 
land, and from the land to the sea, at different times of the 
day. These winds ^are known as sea ajid land breezes. 
The explanation usually given of them is similar to that 
given of the monsoons (see page 20); they are winds 
blowing from the (pol sea towards 4h»».^^^ate d lan d in 
the afternoon and ev'Snii'ff; and from the coolensnd to 
the warmer sea in the ear^^uorning hours. There can be 
no doubt that those differences of temperature are the 
primary cause of these winds, but more i»tudy and observa- 
tion are still required for their complete explanation. 

Mountain and valley winds are also due to differences of 
tihnporature ; and like land and sea breezes, they alternate 
during the twenty-four hours, the winds blowing towards the 
mountains in the day time, and down the valleys in the night. 
The latter have already been explained at page 187. They 
are produced by the downflow of air, cooled and therefore 
rendered more dense by contact with tlve mountain slopes. A 
very slight rise of ground is sometimes sufSnient to render 
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this effect quite perceptible to the feelings. Sometimes on a 
clear evening, about an hour after sunset, ilesocnding from 
the crest of the glacis of Fort William to Iho level of the 
maidan, a pedestrian may observe a marke<l change in the 
temperature of the air, such as may be not inappropriately 
described as taking a plunge into a cold air-bath. This 
is due to cold air flowing down the slight slo])e of the 
glacis and Jiccumulating at its base. Tlie mountain winds 
are a similar phenomenon, the action being reversed. 
Frequently standing on the slopes of the llimalaya of 
other lofty hills, wisps of clouds maybe seen in the morninff 
an hour or two after sunrise creeping up the hill-side. 
They arc portions of ascending air cuiTonts rcnulcred 
visible by their condensed vapour. This upward flow of the 
air, warmed by contact with the sunny hill-slopes, conliimes 
throughout the day while the sun is shining, junl in the 
liigher valleys contributes to a wind blowing up toward *^1110 
j)asses. In the higher ])abses of the great snowy range, 
this wind blows with great violence during the afternoon, 
so much so indeed, that travellers speak of looking forward 
to its encounter with •real dread. It declines towards 
sunset, and is followeif by a calm night; 

** When all the winds aro*laid 
And every height comes out, and peak 

And valley, and the immcasuralilo heavens 
Break open to their liighcst, and all tlie stars 
Shine^i^j^ibe idiephcrd gladdens i^is heart." 

Tlie fllfjlnbntion of rainfall in exhibits contrasts of 
the most marked kind. On i]y: one hand, the little, nearly 
deserted station of Chera Punji, stands unrivalled on the 
whole globe, (as at I'k’csent known,) for the flood-like inten- 
sity of its summer rains, which, on an average, amount to 
upwards of five hundred inches. On the otlier liand, on tho 
plains of Bikanir and in Biifdh, tho whole year sometimes 
passes without a single drop falling on tlic parched surface ; 
and between these extremes we have every conceivable inter- 
mediate gradation. 

The regions of heaviest rainfall are the southern face of 
the Ehdsi Hills and the Him&layn, [more especially the 
Dadra of Bhotan^] the Arakan coast and the west coast of 
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the Peninsula. Ono circumstance is common to all of 
these. The face of a mountain range runs athwart the 
course of a wind coining direct from the ocean, and highly 
charged with vapour. A portion of the air is therefore 
driven up the face of the mountain ; and, in rising, it expands, 
and is cooled, precipitating therefore a considerable part of 
its vapour. This effect is felt not only on the mountain 
slopes, but also in the valleys, and on the plains for some 
miles from their foot ; for the rainfall increases steadily with 
increasing nearness to the hills. Thus, on approaching the 
the Khasi and Gdro hills from the sea, in the direction 
oT the south-west monsoon wind, the average annual fall 
increases as follows ; — 

UHtancefrom Annual 

tliti hilts. raintall 

Dhdka 100 miles ... 74 5 inches. 

Bogru. 60 „ ... 88.4 „ 

.Maimonsing ... 80 „ ... 108 0 

Bilhct 20 „ ... 1518 „ 

CheraPdnji ... 0 „ ... 521.0 „ 

or to take an e.\amplc from the less humid climate of the 
Panjdb, — 

Annual rainfall. 

LiBidr 15.2 inches. 

Ilawal Pindi 28.6 ,, 

Ifii/ara ^ ^ 48.6 „ 

Ldhor is 100 miles from the nearest hills, and Rawal Pindi 
above the Salt range, at the foot of the Ilazdra Hills. 

On the other hand„p^n the lee side df range, 

that is, on the side opposite to that on which the wind 
blows, the rainfall is comfif^atively small. In ascending 
and crossing the mountains, the wind has lost much of its 
vapour, and in descending again becomes comparatively dry. 
This is very strikingly illustrated hy places to the east of 
the Hahyiulri range or Western Ghfits. At Puna, for 
liistanee, the rainfall of the /ear is only 26.7 inches, while 
at Bombay it is 71. ‘3, and at Mahdbalcshwar, on one of the 
highest points of the Ghdts, it amounts to 260 inches in 
the year. 

In the Panjab, more especially those parts at a distance 
from the Himdlaya, the rainfall is very light, and cultivators 
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depend in a great measure on artificial irrigation from tlio 
rivers, or from deep wells, for the success of tlieir crops. Tho 
reason of the scantiness of the rainfall will be seen, if the 
reader tiinis to Fig. 17, which represents the direction of tho 
winds in the south-west monsoon. The only winds that bring 
rain are those which come from the iVrabian Sea and the Bay 
of Bengal. But in both cases these winds have to traverse 
an enormous extent of country before they reach the Panjdb ; 
and that which comes from tho Arabian sea must pass«in its 
course over two great ranges of hills. They have, therefore, 
lost most of their vapour before they arrive at tho Panjdlx; 
and there, the excessive heat* prevents the condensation of 
much of the residual vapour. As a consequence, daring tho 
four months from June to September, less than 10 inches of 
rain, on an average, falls at Labor ; and at Multdn less than 
4 inches in the same period, 

Li iSindh and the Bikanir desert, easterly winds arc^iore 
rare than in the Panjilb. The same causes which, in tho 
northern part of the Indus plaui, draw in air from the east, 
in tho southern j)art, cause an inflow frf)m the west. But 
Biliichistiin, whicli lies yi tliat direction, is an exceedingly 
arid country ; and the westerly winds are in eonscqucnco hot 
and devoid of moisture. Hence tho rainless character of 
Sindh. 

Tlic summer /ains of the Panjiib a/o, as we have seen, 
very light ; but in December and th(i early moiitlis of tho 
year, more rain Calls tlicre, and in tlic upper part of tho 
North^^^MpetfTlTovinces, than ii^;' Vy'^other part of India, 
except on the llijnulaya. D been explained already 
tliJit this is owingto the descent of tho anti-monsoon current, 
(which brings vap 9 ur from the far south,) blowing in tho 
upper atmos[)hcrc, aud descending on the llimalaya and the 
Piuijab. 

In Madras again, and the Carnatic generally, as well m 
tlie cast coast of Ceylon, the chief rains fall in October, 
November, and December, that is, at th?i close of the south- 
west monsoon. It has often been stated that these rains 
are brought by the north-east monsoon, but, strictly speaking, 
such is not tbo case. For six weeks or two months after a 
Seepage, 137. 
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north-east wind has begun to blow in the north of the Bay, 
southerly winds still prevail in the south, and these curve 
round and blow from the east towards the Carnatic, which, 
having received little or no rain up to that time, is now the' 
hottest part of India. It is these winds that bring the raina 
of the Carnatic. Later on, when the north-east monsoon 
prevails down to lower latitudes, fine, dry weather is prevalent 
on the plains of the Carnatic as elsewhere. 

It *is at this season more especially, but also at the 
opposite change of monsoons in May, that those destructive 
storms called cyclones are most prevalent. In these storms, 
the winds blow with fearful violence in a vortex, moving 
spirally inwards towards a central region, where there is a 
complete calm. This central calm area is from 8 to 15 miles 
across ; and immediately around it, the winds blow with theii* 
greatest violence. All the phenomena of these storms 
show^that there must be an ascending current of air around, 
and partly over the calm region. 

The great storms of this kind, to which the term cyclone is 
usually restricted, always originate over the sea ; and in the 
Bay of Bengal, after two or three days, they travel forwards in 
a direction, most commonly between noHh and west, towards 
the land ; their violence generally increasing as they advance. 
The vortex of the sti^rm, where the winds move nearly in a 
circle, is between 100 and 200 miles across ; and the stormy 
weather prevails all around, except on the left of the path 
followed by the vort«\. Tlic revolution of^isajgfeds in these 
storms, in the Bay of as everywhere in {BB'hurthern 

hemisphere, is always in tn^aame direction, vtr., opposite to 
that in which the hands of a clock move; or from east 
through north and west to south. As a'^consequence of this 
revolution, if. a place lies directly on the mid-track of the 
storm, which we will suppose to be advancing from due south, 
the wind blows at first from north-east, and then changes 
gradually to E.N.E, ; in which quarter it continues, increas- 
ing steadily in force until the central calm reaches the place. 
In the course of a minute or two, the hurricane violence of 
the wind is then quelled. A dead calm follows, and lasts 
from a few minutes to (jn certain cases) nearly an hour. 
Then, almost without warnings the hurricane sets in once 
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more, bat this time from the westward, or from the quarter 
almost exactly opposite to that of the first half of the storm. 
Hence it blows for an hour or two, (sometimes much longer) 
with a gradually diminishing force, and finally veers to south- 
west, when the storm is over. 

At any place to right or left of the central track, no calm 
is felt. If the place lies within the right hand half of tho 
storm, the wind begins from north-east, or between that 
direction and cast ; and then veers as tho storuk progresses, 
changing to cast, south-east, south, and finally soutIi-wc|t. 
If on the left of the storm, the change takes place in the oppo- 
site direction, viir., to north, north-west, west, and finally south- 
west. These directions are those generally observed in Bengal, 
where the stoims most frequently come from tho south. They 
arc somewhat different if the storm ap]i)roachcs from the 
south-east, as is usually the case in Orissa, or from the east, 
as in Madras ; but the opposite v coring of the wi^^d, on 
opposite sides of the centre, is the same as that described. It 
is, therefore, always possible to tell in which direction tlio 
stonn is passing, (whether the centre is to the east or west, 
&c., of the observer) by the direction in which tho wind 
veers. 

When a cyclone roaches the coast, it is generally accom- 
panied by a rise of the sea above the ordinary level, termed 
the storm-wave ; and should this enttjr an estuary, such as 
that of the Hughli, it sweeps over the low lands around, 
flooding ihpin pivJ producing even greater devastation than 
tlie iiiiltfi" 'Ua th(} ,0th Octobei^^lt?»j4, a very fierce cyclone 
passed over Calcutta, the ira^.!>^^of the centre being a few 
miles to the west of the ^city. The destraction caused 
among the shijkping was very grcsit: 31 shij)s and steamers, 
nine of which were over 1,000 tons burden,^ were wrecked 
in the river ; all the ships in port were driven from their 
moorings, and one of the P. O. Comj»any’8 large mail stcamm 
was landed high and dry on Bhalimar Point, opposite 
Calcutta. For many weeks afterwards, the banks of tho 
river were strewn thickly with wrecked boats and cargo. 
But great as was the destruction caused by the wind, it was 
far siurpassed by the devastation of the storm-wave, which 
rolled in over the low lying tracts of Medinapdr and tho 
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24-Parganas ; in some places, 20 feet in depth, sweeping 
everything before it. Upwards of 48,000 people were 
drowned in this terrible floods and in the following months 
25,000 more fell victims to the fever and starvation which 
were the after-effects of the catastroxdie. 

Tornados, or whirlwinds, resemble cyclones in the vorticose 
motion and violence of the wind, but are much smaller, and 
do not generally exceed one or two miles in diameter. They 
originate over the heated land in the hot weather months, and, 
t^itiiin a limited area, are very destructive to houses, trees, &c. 
The dust storms of Upper India, described at page 144, are a 
kind of tornado. North-westers is the name given to the 
thunder storms that occur in the hot weather, gcnersilly in 
the afternoon or evening, and at Calcutta, most frequently 
ap[)roacli from the north-west quarter, whence their name. 
They are prectnled by violent gusts of cold wind wdiich bring 
up clouds of dust, w'hile a sheet of dark cloud, with a hard 
even outline, advances rapidly over the sky. The wind, is 
followed after some minutes by heavy rain accompanied l)y 
vivid lightning and loud thunder. These storms sometimes 
usher iu a <hiy or two of rain, but most frequently an hour 
or less Kulliees for their exhaustion ; 'after wliich the sky 
clears, and a cool ntmpspherc is ensued for the night and 
following day. 
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We have now completed our survey of tLose simple and 
more striking plicnonienn which we had in view at tlio 
outset. It has not been my object, nor would it have been 
possible, in a little elementary treatise such ns the present, 
to do more than glance at the several objects of inter^ifjt 
that have successively presented thenis<?lves to our notice, and 
to give a brief commentary on their nature an<l relative 
importance in the economy of the world : but enouglf ha«, 
I think, been said, to give my readers some idea of the 
richness of the field we have traversed; not to s])oak of 
those that lie beyond and over the borders of which we liavo 
not ventured, l^hysical Geography is not a single soicnco, 
but draws its matoHals fiom many distinct sources. 
From the Chemist it borrows the knowledge of the 
simple foims of matter, the chemical elements, of which 
every material object is»inade up, and of the laws according 
to which these conminc together and sej)arate; and from 
the Mineralogist it derives the knowledge of the appearance 
and nature r)f tlve natural comjK»unds pint form stones and 
rocks, and the conditions under which they are met with in 
nature. From the Physicist it learns how matter is affected 
heat , electricity ; frp;tjf> the Mechanist, the 

laws otmotitMi and rest; and freon llic Astronomer, how our 
earth, in obedience to tliose is affected by the other 

orbs of space. From the Geologist it takes the ascertained 
facts of the j)ast *liistory of the earth, furnishing him in 
return with the key by winch he is enabled to read that 
history in the stony masses now cxpose<l on its surface. 
From the Zoologist, Botanist and Palapontfdogisi,thc. deserfj)- 
tion, structure and habits of the animals and plants that 
now live, or that liave lived in distant ages and have long 
since passed away; and finally the Ethnologist furnishes 
that knowledge of the various races of men and their 
mutual relationsliip, ns indicated by llieir physical peculiari- 
ties, their habits, superstitions, and languages, that enables the 
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Physical Geographer to study man in his relation to other 
animals, and the manner in which he influences, and is 
influenced by, the geographical circumstances of his position. 
While these cultivators of special branches of science concern 
themselves with some one selected class of objects, or of effects, 
it is the business of the Physical Geographer to regard 
nature as a whole; to take as the objects of his study, the earth 
and its inhabitants in all the varied and complex phases that 
present themselves to his observation, and to seek their expla- 
nation in the facts furnished to him from the storehouses of 
tfio special sciences. But this he cannot do, unless he has 
himself gained a considerable acquaintance with the matter 
and methods of those sciences, or at least with such of them 
as have an important bearing on that part of Physical Geo- 
graphy to which his attention is given. For the thorough 
comprehension of the subjects discussed in the foregoing 
pages, some knowledge of Chemistry, Mechanics and 
Physics is indispensable; and to these subjects, before all 
others, the student’s attention should be turned. 

On the other hand, IMjysical Geography itself furnishes 
the key to which the Geologist, Jhe Naturalist and the 
Historian must liave recourse, for the «3xplanation of much 
that concerns the objects of their special study. The first 
interprets the relics of '’the past, by observing the changes 
that arc now in progress around him, a'nd noting their 
pennanent effects. The second has recourse to the facts fur- 
nished by Physical Geography, to explajn tj^^istrihution of 
animals and plaiits,'^ wniiyto determine whai^JP^r: -iancos 
arc favorable and what arcNftdyerso to their extension ; and 
the Historian discovers, in tlA fertile arable plains of great 
rivers, tlio conditions essential to the development of early 
civilizations, and at a later time the lure that has attracted 
the inroads of poor and hardy races, when ease and plenty 
lu?ve enfeebled the earlier settlers and rendered them an easy 
prey. In fact, many of the more important facts of the history 
uf nations, most of the more salient peculiarities of national 
character, are traceable, in a large measure, either directly or 
indirectly, to the pliysical circumstances of their position. 

And the science has a present and future, not less than a 
retrospective iutcrvsU lu all conditions of life vre seek to 
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turn to ouf convenience and advantage, the s]>ontaneous 
gifts and conditions of nature ; and our power to do this, to 
utilise her resources, to abstain from wasting them, and to 
fortify ourselves against those adverse occurrences that we 
cannot prevent or control, will be in exact proportion to our 
knowledge of natural laws. The History of Engineering 
abounds in instances of the successful controlling of ()owerful 
natural agents, to accomplisii important ends. In Tuscany, 
the deadly marshes of the Maromme and the Val dc Chiana 
have been converted into salubrious and fertile plains, by 
turning on them and confining the silt-ladcn waters of locfl 
streams in such manner that the surface has been continu- 
ously raised by their sediment. The Mahdnadi river, which, 
for some years prior to 1857, was gradually deserting that 
branch which flows north of Katak, and by unduly filling the 
southern cluinnel, threatened the safety of the town, was 
forced back into the former, by a small spur of stones and 
tree trunks so laid as to determine the formation of a*sand 
bank by the river itself, which maintained the current in the 
required direction. Any engineer of experience would be 
able to cite numerous similar examples. 

On the other haiid^ tile disastrous cons(*<picnces of igno- 
rance have already been illustrated in the case f)f reckless 
forest clearings, by which, in some chses, large tracts have 
been rendered uAinhabi table, and mtmy a useful perennial 
stream has been brought into the alternating conditions of a 
dr-ied up channel aj;|Ld a devastating torrent. 

. control is imT«as;i/ne, a knowledge of 

nature will frequently enable Vii*Io avoid impending mis- 
fortune ; of this an excellent illustration is furnished by the 
discovery of the Qyclpnic mothni of the winds in great 
hurricanes, by Ileid and Kedfield, together with that know- 
ledge of their prevailing tracks, ivhich was afterwards 
extended to Eastern Seas by the labours of Piddingion, Thoiu, 
and latterly Mcldriim. Furnished with this knowledge, and 
warned by his barometer, the seaman riiHy frequently escape 
the threatening gale, and even take advantage of the strong 
winds that blow in the wake of the Cyclone, to hel[> him 
forward on his course. 
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Abbrxviations:— Gr. Greek i Fr. Froneb; Ttal. ItAliaii; Rweil. Swodifili: T41L Latio 
Ar. Arabic; Oerm. Uennati; Sana. Sanacrit; Hind. Hindee; Span. Spauiab. 


Aebial — [Gr. aHfj air.] Relating to the air. 

Aebokaut — [Or. air; nnuteg^ a sailor.]' One who travels 

through the air, as in a balloon. 

Affluent — f Lat. ad, to ; ffao, I flow.] A stream or river which 
unites with another, (the latter licing regarded as tlie principal 
stream.) is termed ite affluent or tributarv. 

Alluvium — [Lat. allnei'm^ added by the wiish of water.] A term 
applied to land formed by rivers during the overflow of their 
banks. Sec page H8. 

Amphibian — [Gr. amphi, both ; him, life ] Living both on land and 
in water. The Z<x»logioal name of a large class of animals, of 
which the common frog and toad are familiar examples. In 
the earlier period o^ their life they live in the water, and have 
breathing organs like those of fishes, but at a later period they 
acquire lungs and breathe air. 

Antarctic — [Gr. rrjt//, opposite to; arltfon , ttie bear, i.c., the north- 
ern con.stcllation so called.] The designation of the earth’s 
southern pole, and the region around it. 

Antipodes— [Gr. opposite to; pr/t/es, the feet.] That iwirt of 
the^^ <| ^" f surface which ^ouM be intersected by a 
line orown from a given place through the earth’s centre and 
prolonged to the further side, called the antipodes of that 
place. 

Anti-tbade— B ee Tr^de Winds. 

Aqueous — [Lat. fr/yaa, water.] A term applied by Geologists to all 
rocks that have been formed in water. See page *<(). 

Arable Land — [L at. aro , I plough.] Land fitted for ploughing, 
i,e.f for field cultivation. 

Abctic — [Gr. arktos, a boar.] A term applied to the earth’s north 
pole and the region around it, since the pale-xtar, towards 
whidi the north pole of the earth's axis points is in the con- 
stellation called the * Great Bear.' 

Atmosphere — [Gr. atmon, vapour; tphaira, a sphere or ball.] That 
murture of gases and vapours which surrounds the earth, as 
well as many other bodies of the* solar system, the stars, Ac. 
See page 19. 
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Atol — [Malay, atql^ A name given by their inhabitants to certain 
low ring-shaped islands enclosing a lagoon, and formed entirdy 
of the remains of the o<pral animal. The Maldives and Lacca- 
dives consist exclusively aioU, 

Axie — [Lat. ,as»Uti an axle. J In Geography, that line through the 
centre of the earth, passing from the north to the bou& pole, 
around which the earth revolves. 

Bab of a river ; the shoal which runs across certain rivers where 
they enter the sea, obstructing their entrance. See page 98. 

Babbieb-bebf — k reef (see Reef), formed by the growth of coral, 
which partly or completely encircles certain islands, from 
which however the reef is separated by a navigable chann^, 

t sometimes many miles broad. 

Babin of a river. See Drainage Basin; 

Bat— A portion of the sea that occupies a recess or retreating 
curve of a coast line between two capes or headlands. Ex. : 
The Bay of Bengal. 

Beach— T he laj'er of rounded water- worn pebbles, which, on certain 
rocky coasts, accumulates along the sea-shore. 

Bed — In Geology, the term applied to a single definite layer of a 
sedimentary rock. It may vary in thickness from a few inches 
*00 a hundred feet or more. A Bedded rock is one which 
consists of definite layers or hed)*» 

Bed of a river. The bottom of the river channel. 

iBobe — In Physical Geography, a term applied to the high wave 
formed by the advancing flood tide in certain estuaries, where 
the tidal wave is retard^ by the shallowness of the channel, 
and raised by the convergence of t)ie shores. Bee page 39. 

Botany— [Gr. botane, g?;a8H.] The name of that branch of science 
which treats of the structure, habits, and classification of 
plants. 

Boulder— In Geology, an isolated block of hard rock, which either 
rests on the surfaoo or is embedded in clay, gravel, Ac., and has 
been tronsportodjrom a distance to ite" MHAl^rasition, gener- 
ally by the agency oMce. ^ 

Bbaokibh— A term appliedsfco water, distinctly salt to the taste, 
but less so than sea- water. % 

Bbeaker— S ea waves, which being impeded by the shallowness of 
the water, or arrested by an opposing rdbf or rock, break up in 
masses of foam. 

Cabbon — [Lat. earbo, charcoal.] The name of one of the ohemioal 
oleQieuts or simple substances. The diamond is one form of 
carbon, plumbago or black lead another, and pure charcoal a 
third, since thes^ substances are chemically the same. 

Cabbonic Acid— The name commonly given to a kind of m 
which may be prepared by burning charcoal in air. It is 
given out from the lungs in breathing, and always exists in the 
air in the proportion of about four parts in ten thousand of 
air. In recent chemical works the name Carbon dioxide is 
genendly given to this gas, the term Carbonic add being 
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Mflemd for a Bolution of it in water. Air that oontainB a 
large qnantit;^ of the gas is poisonous if breathed. 

Gaboadb— [I taL cMcare, to fall.] A syuox^ for a waterfall. 

CATABACT^[Gr. KatarrakUSi a waterfall] usually applied to water- 
falls of large volume. 

Catchmebt Babin. See Dbainaqe Basin ; also p. 88. / 

Cbemistby.— [deriv. uncertain, probably Gr. Chymot, julbe.] A 
branch of modem Science wnioh treats of the ultimate com- 
position of matter, and the laws according to which simple 
Bulwtaiices combine to form definite compounds and the reverse. 
At the present time 63 subtonces are known, which cannot be 
resolved into anything simpler, and are therefore called 
el&mnU, Forty-five of these are metals, and the remainderl 
including such oodles os sulphur, carbon, oxygen and nitrogen, 
are non-metals or metahid^, 

Chab — ^Pronounced and improperly written ehur, [Hind. char, a 
dioal or sand bank in a river.] The term commonly applied 
to the banks of sand and silt, left dry on the subsidence of 
rivers after the flood season, and frequently brought under 
cultivation during the dry weather. 

Climate — |^r. Klhia, the inclination of the earth's surfaco t# the 
sun.] For the modem moaning of the term, see page 135. 

» CONDEKBATION — [Lat. condtmo^ I make dense.] In Physics, the 
conversion of a vapour or gss into a fluid, eflleotea by cold 
or pressure, or both together. 

Continent— [Lat. contXncm^ holding together.] The principal 
masses of land on the earth's surface. 

CONTOBTION— [Lat. contort¥»^ an intertwining.] In Geology, a term 
used in describing bedd^ rocks which have been bent up in 
folds as TcprcseBted in Figs. 7 and 10, pK 68 and 70. 

Coral — The stony skeletons of a class of ommals termed i^oophyta. 
Zoophytes Uve in the sea attached to ix)cks, and in many cases 
grow by a proc^^f budding and fissure, whereby a branching 
organi^2[^^^{itb3ncd^. In Tropical BQai»,mumoroiis islands and 
reem are formed exclusively of the stony debris of the coral. 
See Atol and Barbier-beef. 

Crater— [Lat. a bowl.] ^Tho funncl-^aped cavity at the 

summit of a volcviic cone, from the bottom of which a pipe- 
like orifice communicates with the interior of the earth, and 
is the channel through which gases, ash and other stony matter 
are ejected. 

Crust of the Earth— The external shell of the earth, whidb 
is certainly solid, whatever may be the condition of the interior. 
At present the nse of the term does not*nece88arily imply the 
fluidity of the interior, although such was the original 
assumption. 

Cbtstalb— [Gr. KrystaUot^ ioe.] Those definite geometric forms, 
whiih the majorily of the elements and definite ehemiosl 
obmpoimds assume or tend to assume, when they pass from Ihe 
fittiatothe solid statb ; and by which each eielhent or'oom- 
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pound is oharaoterized. Thus common salt and many oi the 
metals assume, under anoh circumstances, the form either of 
the cube or the ootohedion. Booh crystal always occurs in the 
form of a hexagonal prism, &c. A confused mass of crystals, 
none of which have had room to derelope into regular forms 
Is said to be Cby 8TALLI]!^£. Such is frequent^ the case with 
the minerals forming the crystalline rocks, l^e classHfioaticm. 
freometrio properties, structure, and physical TOculiarities of 
Crystals constitute a distinct branch or Natural History, termed 
Crystallography. 

Cyclone — [G r. Xyhlos, a circle.] Violent storms, in which the 
winds blow in a spiral direction, around a central oidm region. 
For a fuller notice see p. 148. In the China Seas, where ihey 
are very prevalent in the months of August and September more 
ospeoially, they are called Typhcotis, 

DBBRi&~[Fr. dthriJi, remains, ruins.] This is scarcely a technical 
term. HThe fragments separated by frost and the action of the 
atmosphere from a parent rock are conveniently spoken of as its 
debris. When such fragments accumulate, forming a pile at 
foot of a hill or escarpment, they form a Talus. 

Dbobee — I n Geometry, the circumference of the circle is divided 
into SCO parts, each of which is termed an arc of one degree. 
The term degree also exj^resses the measurement of the angle 
induded by the two radii thgt subtend one of these parts. In 
Geography, the latitude of a place is the angle included by 
two lines drawn from the earth’s centre, one of which intersects 
the place, and tho other the point of the equator nearest to it. 
The longitude is the angle included by two lines drawn from 
the nearest point of tho earth’s axis, one of which intersects 
the place, the other tho point of the earth’s surface in the 
same latitude, on 'a meridian [see MebidiAn] passing through 
some standard observatory. In Engli^ maps, longitude is 
counted from tho meridian of tho observatory of Greenwich ; 
in French mam. from that of Paris ;• maps fre^ 

qnently from Ferro. 'Latitude and lon^tude^BMlHfoth the 
measurement of on anglo^ are expressed in degrees. 

DBLTA---See page 86. 

Density— [L at. demue, close, crowded.] In Physics, the density 
of a body is measured by the weight of wstandard unit volume, 
tf.y., a cubic inch, or a cubic oentimoter of the substance ; and 
is expressed by comparing this weight with that of an equal 
volume of some standard substance ; which, for solids and fluids, 
is usual^ pure water token at the standard temperature of 4^ 
on the ^ntigrade thermometer. The number that expresses 
this relation when the substance haa the temperature of meltiiig 
ioe, is osdled the epeoUio dtnt^Uy or gravity of the body, 

^us a cubic inch of lead, at the freezing point, weighs 113 times 
as much as a oubio inch of pure water at the temperatuze 
of 4^ of the Centigrade thermometer. This number therefore 

the sietiil deiudty of gases 
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i 0 compared in like manner with that either of hydro|fen or 
air at freezingr point. Most bodies expand when heated 

and oocnpy more space, while their weight remains unaltered. 
Their density therefore decreases, as their temperature rises. 
But water bdk>w the temperature of 4** Centigrade is an 
exception to the role. It is most dense at this teinperatnro. 
Hence this has been taken as the standard of comparison. 

Denudation — [Lat. denude, I lay bare.] In Geology, a term 
applied to the process of removal of the superficial porta of the 
land, by the agency of the atmosphere and water. For a 
description of theso processes, see page 33 and Chapters VII, 
YIII and IX. 

Desbbt — [Lat. dnertuSi past participle of deeero, I abandon.] A. 
tract of country uninhabitablo by man ; generally owing to 
the absenoe of water. 

Dbtbitus— [Lot. detritue, past participle of deieru, I wear away.] 
In Geology, the material worn away from the surface of the 
land by rivers, Ac. , 

DEW»-The water that condenses from the atmosphero on a Buxfaoe 
colder than the air. See page 2B. 

DmiNTEGBATiON — [Z>»; prefix implying separation, and int^rate 
from Lat. integro, I make whole.] In Geology, the proooss by 
which solid rocks become decomposed into clay, sand, Ao. [see 
page 103] or are broken up, as by frost page 801. 

Dbaxnage Basin ob Dbainage Abba— The whole of tho land 
snrfaoe which is draii^od by one river and ita tribntaries is 
called its drainage kaein. 

DUNES~[Fr. dune, a down.] In Englirii Geography, applied to 
those tracts of bare sand, blown up by the wind into ridtgos or 
sand hills, which form on certain sea ooosts and on the margin 
of rivers with oroad sandy beds. 

Dyke—Aji artificial embankment for the pnrposo of restraining a 
body of water. 

Eabthquake^A* sl^ng or vibration of 4ribe earth, produced by 
an^bk^Smon or disturbance of tliat choraoter, doep below 
the surface. From the fpropsr] use of the term a*are in 
desoribing this motion, it m frequently inferred, that in an 
earthqnake, a visible wave rolls along the Burfaoo of the earth. 
This is not the cale. The earthquake wave is ot the some kind 
as that which conveys sound through the air, and consists of an 
increase and decrease of density rapidly alternating in parallel 
seotions of the rocks. This neoessaruy produces a swaying, 
OBoillating movement in houses, trees and other objects on the 
surface. 

El 4 ECrBiCiTir~[GT. eketnm, amber.] The name of a forin of 
energy, [see that word,] manifested when dry glass, sulphur, 
and reemons substonoes, especially amber, are nibbed ; in 
oonsecueuoe of udiioh they acquire the power of attracting 
tight bodies, and afterwards repelliiig tiiem. Lightning is a 
ft i rnffli y r electrio phenomenon, Elec&ioily oea he 
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cated through metallic wires, properly protected, with extreme 
rapidity to distant places ; [in Professor Wheatstone’s experi- 
mrats 288,000 miles in a second of time ;] and this property is 
utilized in the electric telegraph. The laws and phenomena of 
electrical action constitute an important section of PHTSica 
Embboy— [G r. energda , efficacy.] A term used in modem Posies 
to express the capacity for doing work against resistanoe. 
Heavy bodies in motion ; or at rest, in a poslaon such that th^ 
can be set in motion without expending work upon them ; heat, 
light, electricity, ko., are all forms of energy ; and one can be 
converted into the other; in which case a constant definite 
quantity of one is obtained by the expenditure of a given fixed 
quantity of the other. Thus a weight of 772108. falling 
tnrough one foot, when the motion is arrested, will generate 
the heat required to warm the same weight of water one degree 
of Fahrenheit’s thermometer, and 1 lb. of pure charcoal compl^ly 
burned in air generates heat enough to warm 14,644!bs. of water 
one degree. Conversely, the former quantity of heat, expended 
by a perfect steam engine, would raise 7721bs. one foot high ; and 
to separate the pound of charcoal again from the gas which it 
produces in burning, would require 14,644 times that amount of 
work or its equivalent in electricity or some other form of 
Energy. The total miantity of Energy in the universe is 
therefore constant, while its forms are ever varying. 

Equator or Equinoctial Likb — [Lat. aquator, that which divides 
equally]. A circle drawn round the earth, midway between the 
tu'o poles, and dividing the surface into' two equal hemispheres, 
the northern and the southern. At places on the equator, the 
days and nights ore of exactly the some length (12 hours each) 
all the year round. , Hence the equator also termed the equinoo- 
tial [from Lat. nox. noc(t«, night] line. 

Eruption— [Lat. erupthy an outbreak.] In Physical Geography 
the active condition of a Volcano, ifee ppgn 62. 

Escabpmicnt— [Fr, eeedrpe^ steep.] The n» ilf ijjil |i in- 

clined face of a cliff, or the abrupt slope surrounding a tableland. 
Estuary— [Lat. mtvsy the tides.] An arm of the sea, or the lower 
part of a river communicating with the sea, up which the tidal 
waves pass. .t 

Ethnology— [Or. ethnoe , a nation or tribe ; logoty a discourse.] That 
branch of science that deals with the races of man, their physL 
oal and mental characteristics, their variations of structure, 

' habits, beliefs, languages, and mutual relationship and descent 
Evaporation— [Lat evaporo, I disperse in vapour.] The process 
by which a fluid is converted into a vapoiir, as water into 
steam. In Physics the term is sometimes restricted to that 
quiet passage of water or o^er fluid into vapour^ which takes 
place at temperatures below that at which the flmd boils. 
Exotxg— [Gr. exdtihott foreign.] A term to the natural 

pitoduotioiis of a foreign land. Espeoialty applied to {dantsaiud 
that have be^ introduced from lotmgn countries. ' 
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Fathom--*A mewnre of six Kogtiah feet, or two juda, used in 
measuring depths of water. 

Fattka— T he whole group of the animals native to a country, or 
that Uyed at a particular g^logioal epoch in a fl^yen country. 

FLOBA-^[Lat. fiM, a flower J llie whole group of we plants native 
to a ooon^, or found wesU in a partionlar geological forma- 
tion. 

Fx<uvxATiLS---[Lat. fluviatilifi, pertaining to rivers.] In Qeology» 
applied to a deposit formed by a river, such as the delta. In 
Zoology to animals and plants that live in rivers. 

Foliatiok — [Lat. folium, a leaf.] In Geology, applied to that 
arrangement of the minerals in thin paralml layers, which ol^ 
raotorises Gneiss and other metamorphosed rocks. Sometimes 
this arrangement coincides with the origfinal stratifloation of 
the rock ; in other oases foliation is set up in a different set of 
pianos, developed by pressure, during metunorphism. 

FoBMATiON-^In Geology ** any assemblage of rocks which have some 
character in common, whether of origin, age or composition.** 
[LyoU's Elements.] With respect to ago, the followii^ is the 
order of the great .formations, each of which is distinguish- 
able from that which precedes and follows it, by oertain 
marked peculiarities of the fossil fauna. [See that term.] As 
the Geology of the less familiar and accessible parts of the 
world becomes better known, formations are discovered which 
tend to link together these several formations in a oon- 
tinnouB series : but. nevertheless, it is probable, that these fami- 
limr divisions will to retained as convenient standards of refer- 
ence. perhaps with intespolations. The follovring list is taken 
from Sir Chas. Lyeirs Elements of Gdblogy, and enumerates the 
formations in descending order : — 

Post Tertiary 
Pliocene ...1 


Miocene 

Cretaceous 

Jnrassio 

Triaesio 


I Tertiary dr Cainozoio 


» Seocjhdaiy or Mesosoio 


Neoscio Forma- 
tions. 


Bnmian ...1 

CarboniferouB ... I 

Cambrian ... | 

Iiaurentiaa ...J 

The ISTummulitk formation vefened to at page 180 is an 
' important member of the Eocene, 

jmstpectidipleof diff.1 A teimfcr^ 

lerlyimUfidtoailmlnemlpiodiidtoaiidciiric^^ Inmodem 
denoeweteimis eeMariotedtoimy animal or vegetable body^ 
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or the tVBoes of the existence of any sndh body, which have 
been buried in the earth by nattural causes. Thus diells, bones, 
or even mere impressions, sncH as footprints, that are met with 
embedded in the rooks, are properly termed * fossils.’ 

Fbeshat — ^The sudden rise of a smidl stream or river, produced by 
a heavy fall of rain, or the rapid melting* of snow. 

Oas — ^Any substance, which, at ordinaiw temperatures, is in an aeri- 
form or air-like condition. All the known gases, except six, 
have been condensed [sec Condensation] by great com and 
pressure, acting alone or together. 

Genus — [Lat. genua, a race or stock.] In Zoology the term applied 
to a ooUecuon of species, [see that term,] which resemble each 
^er in a large number of important points ; the first degree 
in the classification of kinds. Thus the horse, the domestic 
ass, the hemionus, zebra, and quagga, all being horse-like ani- 
mals belong to the same genus. So also the dog, jackal, fox, 
and wolf are species of the genus cants, or dog. The limits of 
a genus are to some extent a matter of opinion and conveni- 
once ; some naturidists making these groups more comprehen- 
sive than others. 

Gboloot — [Or. Gfs, the earth; logos a disoourse.] That branch of 
science which treats of the past history of the earth, the classi- 
fication and structure of rocks, and the causes by which they 
have been produced. 

Guat — [Hind, ghdt, a landing place, ford or pass.] Orig^nlly 
applied, by Indian Geographers, to the passes in the mountain 
ranges that run parallel with the two dbasts of the peninsular, 
and which have to be traversed in order to reach the interior 
from the coast ; the term has been tramf erred to the ranges 
themselves. v 

Olaoibb— ^F r. glace, ice, whence gheUr, a river of ice,] See page 79. 

GNBiSE--[Genn. GneissA A term originally used by German 
miners, and adopted by^emer, as the, £|polo^oal name of a 
kind of foliated |^ee that term] metamoTphfif roek^ '^ich, in 
its oharaoteristio form, consists essentially of three minerals, 
quartz, f olspar and mica. ** » 

GOBOB— A narrow pass or river ohahnel with precitutous rocky walls. 

Gbanite — [Lat Oranum, a grain.] A rook, tke most characteristic 
variety of which consists of the same three minerals as the 
above ; but varying much in composition. For farther details, 
see pam 60. 

GBAVBL— A mMure of sand and small pebbles in a loose incohe- 
rent condition. 

Gbavitation OB Gbavitt— [Lat. gravis, heavy.] The pulling 
foroe vfhich every particle of matter, whether sclid, liquid or 
gaseousi exerts on every other particle, at all distances. See 
page 19. 

HAllr-Ftagmenta of ioe, formed in the clouds, and falling like 
raixL These fragments, 'termed koi^tlaMSs, axe sometimes as 
laxge as a pige(m% egg, and axe the rvy destmotive to trees, 
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crops, &o. Very much liirmr niafleeB have been known to fall 
in hail-storms ; but in su<m oases they consist of a number of 
hail-stones frozen together. 

Hoabfbobt— D ew which is deposited in a frozen state. 

Hobizon — [G r. hcriao. 1 limit.] See pages 9 and 10. 

HuBEXCANE-rT^P^* ssracan, mm an i^erican-Indian word pro- 
bably in mutation of the rushing of the wind.] A storm of 
extreme violence. Qyolones are frequently spoken of as hurri- 
canes. 

ICEBEBG — [Oerm., berg^ a roolO. See page 82. 

lGNEOua~>LDat. ignis, fire.] In Geolo^, applied to rooks solidified 
from a fiuid condition into which th^ have been brought by 
the agrouoy of the internal heat of the earth. 

INTEBTEOFIOAL — Ihe region north and south of the equator, 
bounded by the tropics of Capricorn and Cancer. These are two 
drolea parallel to the equator, in about latitude. All 
places situated on the northern tropic (Capzioom) have the sun 
vertioal at noon on the 2l8t June, and places on the southern 
tropic on the 2l8t December. 

Jhil — [H ind. j/ii7, a shallow lake or morass.] 

Khall — [Hind. kJUd, a creek.] 

Laqoon— A shallow lake, generally brackish or saline. See page 108. 

Landslip— A portion of a hill-side or cliff, that being loosen by 
rain-or springs, is detached and slides down. 

Latitude — [Lat. latus^ broad ; latitudo^ breadth.] In Geography, 
the angular distance o£ a place to north or south of the equator. 
See Degbee. 

Lava — [I tal. /ava.] The molten rook that flows from a Volcano in 
eruption. See page 62. 

Lime— T ho white substance used in the preparation of mortar, 
cement, &c., and eaten with p&n. It is a compound of a 
metal called calduin, with ossygtn. 

Limestone— A kind^)! rook consisting of the metal calcium com- 
bined ^jth oxy^n*and carbon. When Ifurnt^ it yields lime. 

Loam— E arth consisting of a mix^ve of clay, sand, and decayed 
vegetable matter. 

Magnesia— A white powder comisting of a oompoand of the metal 
magntsium with pxygen. It is one of the constituents of 
Epsom salts, and alw of the salts dissolved in sea-water. 

Magnetism — ^The property, possessed ^ a kind of mineral called 
the loadstone, of attracting iron. The same property may be 
imparted to steel bars, and temporarily to soft iron. A steel 
bar thus treated ii said to be magnetized, and if suspended in a 
horizontal positiion by a thread, so that it is free to plaoe itself 
in any direction, it comes to rest pcdiitiing north and south, or 
. nearly so. 

Mabine— [Lat. manaiw from ware, the sea.] Pertaining to the sea. 

Mebidt an -^[Lat. emidiee, nocm.] In Astronoi]^, an imaginary 
plane passing tbxeui^ a ghm plaoe and coincident with the 
earth*saxia At neon the sun is on the meridian. 
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Hbtaicobpb10M<-[Ov* ni9ta, wefix implyinff change, morph$ fonn.] 
The changes which cieaii&entary row undergo, under the 
influence of pressure, heat, and heated water, whereby they 
>are i^tered in appearance and stmoture, frequently becom- 
.ing orygtfdline. The term'metamorphiorocks^iBrGiikioted to 
;tho 0 e which have wdergone this extreme dwee of alteration. 

Hioa — [Lat. eii^, I glitter.] The name of aldnd of mineral, which 
splits readily into thin transparent sheets, which, when of 
suifloient size, are frequently used as a subsUtute for glass ; also 
in the state of powder, as a deooratiye material, producing a 
sparkling effect, whence the name. 

MlNSBAbOGY-^The branch of Natuxij History that deids with 
« stones, and all natural compounds found by ehemioal action, 
without the agency of life. 

Hiraob— [F r. miraget looming.] A kind of ocular deception. The 
appearance of weets of water on dry heated plains, due to the 
total reflection of light from the siurface of a heated stratum 
of air. 

H0LLt780A--rLat. moUuicust a soft nut with a thin shdL] The 
Zoological name of a section of the Animal Kingdon comprising 
sxgdls, slugs, oysters, cuttle fishes, &o., all of which have soft 
bodies enclosed in a membrane termed the mantle, which in 
some oases secretes a stony or homy shell. 

Mohboon — [A r. mauem, a season.] Wiw which blow alternately in 
opposite directions, at opposite seasons of the year. Bee pages 
26 and 140. » 

MoBAiNB-<-[Fr. iNorctne.] The ridge of rock blooks formed at the 
lower era of a glacier. Those at the sides are termed lateral 
moraines ; that at the end, the terminal moraine. Bee page SO. 

Nala — [H ind ac/a, a rivulet or brook.] Frequently written nullah, 

NuAP-Tioaush-SoQ page ^7. 

Nhvs — [F r. n^vcf.l The beds of snow in which glaciers originate. 
Seepage 72. 

Nitboqbn — [G r. mb-on, ^tre, saltpetre ; gen ro6t of generate.] 

The name of a gas ; a ohomioal element whioh constitutes four- 
fifths of the atmosphere, afid in composition with other elements 
forms nitric acid, nitre, Ac. ^ 

NoBTH-WBSTBB~See page 150. 

OBBlT~^[Lat. orbita, a wheel track.] In Astronomy the line de- 
sorilm by a planet around the sun, or by the moona around 
their reapeotive planets. 

OVTCBOF—In Geology, that part of a bed of rook, a mineral vein 
or other foxmaUon, that appears at the surface of the ground. 

OxrO]BN<— fGr. oiys, sharp, acid, and gm the root of gennao, I gener- 
ate.] Thenameof agasdiaooveiedby Friestlr. One of tilm ehe- 
mioal elements, whiohoonstltuteBoue-fifthofthcatmosphere, and 
enters into oompositiQn of toemoet acids. Heuoethe name given 
to it by lAToisisr. 

FamohtdloqxHl^'* axia^mi»}logo», dlsoouxee.] 

A branehitl Natural Suienoe that treats of extiiiot a n i mal s 
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and plants, whose remains are preserved as fossils. [See that 
term.] 

P ass^A gap or dip in a mountain ridge or range, by whioh travel- 
lers can pass at the lowest level from one side to the other. 

Peat — D ecayed vegetable matter, whioh accumulates in certain 
swampy places, sometimeB to a thickness of many feet. It is 
chiefly formed by a species of moss. The same term is given to 
beds of decayed vegetable matter met with in recent forma- 
tions, as mentioned at page 44. 

PB27IN8ULA — [Lat. peas, almost; in»uUtt an island.] The term Is 
applied to any tract of land surrounded on three Sides or more by 
water, but connected with a continent or other large land area. 

PeBUBABLE— [ liht. perifiso, 1 pass through.] A term applied %y 
Geologists to all rooks through whioh water can pass. 

Phase — [G r. pAisis, something aeon.] Ir Astronomy, applied to the 
ai^[)earanceB successively presented by the moon, during a 
lunation. 

Phenomenon, plural Phenomena— [Gr. phainomai^ I appear.] In 
Science, any natural appearance. Anything presented to the 
senses by observation or experiment. Thus the rising and setting 
of the sun ore phenomena. The bedded structure of 8edin\pntary 
rodcs is a phenomenon, Ao. 

Phtsics — [Gr. php»is, nature.] The name of a branch of Science 
whioh treats of thoto properties and affections of bodies which 
do not depend on life. Chemical properties and phenomena are 
also now generally exoluded from the domain of Physios. The 
properties of matter, such as weight, density, hardness, elostioity, 
&o., and the laws of heat, light, sound, electricity, Ao., are oom- 
prehondod under the general term Physics. 

Planet — [Gr. pUtmeteSy wandering.] The earth and other o^estial 
bodies, exclusive of the satelutos ana comets, that circulate 
round tho sun. 

Plateau — [Fr. a pjuteauy a tray, plhtform, tableland.] The flat 
or undulating surface of a tract of country, elevated a consider- 
able height above the sea. Ex. : MtUwa, Maisdr, Tibet, the 
Kh&si Hills. 

Pole— In Geography, the two extremities of the earth's axis. [See 
that wozd.] 

Race— T ide-raoe. See page 39. 

Radiation— [Lat. radh, I shine or emit beams.] In Physios the 
form in which heat and light areemitted from a hot or lumi- 
nous body to other bodies at a distance; in which, for example, 
the sun's heat and light pass through the interpUmetary space, 
with a velocity of 180,000 miles in eachweoond of time. 

Baki>— T he swift current of a stream or river where it flows down 
a steep slopa 

Ratine— A narrow vall^ or channel cut by a stream with ste^, 
bat not absolutely precipitous sides. 

Beriya rocky surface, but little submevged beneath the sea, so 
that the water above it Is too shailow to be navigablo. 
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Roorb Hoim>KirEB--[Fr.] A tem applied to Toaiky mufaoes that 
hare been rounded off and polished by the passage of a glacier. 

RooB-^In Gendogy, applied to any kind of formation, whettohard 
and coherent or otherwise. Granite, sandstone, gravel, sand, 
and clay are equally classed as ibcks. 

Sandstonb—A coherent rock, formed of grains of sand cemented 
together by some chemical deposit^ nsui^ silica or a compound 
of lime and carbonic acid. 

Satvbation— [Lat. saturation a filling, satisfying.] In Chemistry, 
applied to that condition of a solution of some soluble 
substance, in which the maximum quantity is dissolved that &e 
liquid is oapable of holding permanently at its actual' temper- 
ature. The same term was originally applied to the inter- 
mixture of water vapour with air by Leroi on the erroneous view 
that the vapour is hdd by vho air in solution ; in this application, 
the atmosphere is said to be saturated when it contains as 
much vapour as can exist in it at its actual temperature. The 
two oases are now known to depend on totally different condi- 
tions, but the term saturation is still in use to express the 
above foot, notwithstanding the ac^owledged error of 
tl^retioal views that suggest!^ its nse. 

pSBDiMBNT — [Lat. sedeOf I settle.] Any solid matter that settles 
down from a fluid. Hence 

Sedimektaby RocKS~-aie those formed of clay, mud, sand, Ao., 
that has settled down from water as explains in Chapter IV. 

.SBBiES-*-In Geology, a succession of strotifled deposits formed 
without interruption ; or, in certain oase^ with interruptions, of 
minor importance to. those whidti mark the beginning and end 
of the serioH. 

SHALE---8tratifled deposit, originally of clay or fine sand, hardened 
and compacted by pressure, and readily splitting up along the 
planes of deposition. 

Suoait^A shallow place in tlfd sea or in any Iv^e body of water. 

Silt— T he veiy fine sbdiment, slowly delated from* most river 
waters when still and undisturbed. 

Suioov— [Ar. ^bmifii.] A nUme given to an intensely heated, 
stormy wind, that blows ocoaklonally in the Arabian deserts. 
It is IU80 sometimes felt in Sindh, 

Skow-libb— S ee p^e 81 . 

SOLAB Bybtbk— tbe sun, together with all the planets, oomets and 
other bodies that oiioulate around it, as the oentral body of 
<> the system, 

Spboibs— T here are few terms used in science, the meaning of 
which is less eaqr to define rigorously, or when defined to adhere 
toinpraotioe, than that of this term. The definition of a species, 
generally given, is that it includes all animris r^ted to each 
other by a common descent ; or (since tills can never he asoerw 
tained in fact) all those that resemble each other as dosely 
as those known to have a oommon desoenA ' Thus all the 
Tigers of Asia are regarded as one speeies, bat the tiger and 
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the leopard axe diiCerent speoios. The hoxee and the domestic 
asB toe different speoiea, but all existing horses axe of the same 
species. But thme ore great diilionltieS) pxaotioally. in fixing 
the limits of a species; and many naturalists at the present 
day are of opinion, that animals of very different species, 
perhaps aU animals whateyer, have a common descent. On 
this view a species consists of those Individual animids or 
plants which resemble each other so closely, that it is con- 
venient to call them by the same name ; and this is the practical 
meaning of the term, whatever hypothesis may be held regard- 
ing the origin of species. 

Spit-^A narrow strip of land running out into the sea, generally 
parallel with the coast line. See page 108. 

SPBiNQ Tides. See page H7. 

STEPP£S-~The great plains of Southern Bussia; unonltivated 
wastes, destitute of forest. 

Storm WAVit—The great sea wave which accompanies a cyclone. 
Seepage 149. . ^ 

Stratum, plural STBATA~>[Iiat. stratum, something spread out.] In 
Geology, the individual layers constituting sedimentary forma- 
tions ; whence these are also called stratifierl rocks. Bjpt the 
term may be applied to any mass of matter, regarded as con- 
sisting of horizontal layers. Thus we speah of the lower and 
upper strata of the atmosphere. 

Sub-marine — [Lat. under; mare, the sea.] Applied to any 

thing that IS formed oj; existe beneath the sea. 

Sub-boil — ^That which* lies beneath the superficial layer of the 
soil. 

SuRP—The foam of breaking waves. 

Swell — Long rolling undulations of the sea surface, being waves 
propagated from some distant locality Where a strong wind is 
blowing. 

Tableland — A Bynmym for a plateain. See that term. 

Talus— S ee^EBUifT. • 

Temperature — [Lat, temperatura, from tmperOf 1 divide, duly or 
proportionally.] Applied excluslvoly to express degrees of heat 
or cold, as measured by 4he thermometer or some similar 
instrument. Th^ energy of the heat given out by a body. 

Thermometer— [Gr. therms, heat; metrm, a measure.] An instru- 
ment used for measuring temperature. See page 80. In the 
thermometer commonly in use in this countiw, known as 
Fahrenheit’s thermometer, the temperature at wmch ice melts 
is called 32 degrees, and that at which water boils at the level 
of the sea, 212 degrees. The zero from which these degrees 
are counted and the magnitude of the degrees themselves, have 
been arbitrarily assumed. The zero is, in fact, obtained by 
immersing the inetnunent in melting ice, then in the steam 
from boiling water, and marking on its stem the height indi- 
cated in each case; the interval, as measured on the initnunen^ 
is divided into 180 parts and fizuslly 82 of these parts ace set oil 
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bdow the freezing point. The zero does not therefore express 
absolute cold or the entize absence of heat ; a state of things 
noTor yet attained; bat which would be attained at aboat 400 
degrees below this zero. 

Tinn^ee p^ S4, seq. 

TOBKADO—Ifipui. tornar, to tuny A name for a whirlwind ; a 
small but violent storm in whion the wind blows spirally around 
a central calm. 

TBADX-wiKDS--See page 27. Winds which, in the Atlanlao and 
Paoifio Oceans, blow on both sides of tne equator, and in the 
Indian Ocean on the south of it, with but little change of 
direction or place throughout the year. Their direction south 
of the equator is from south-east; north of the equator from 
north-cast; and where these two winds meet on, or near the 
Muator, the air is calm, and heavy showers are very prevalent. 
The air brought by the Trade-winds ascends to a great height 
over this belt of calms, and then flows away to north-west and 
south-west in two upper cufHnts termed the Anti-trades. The 
Trade winds are so called because they h(fld a certain trade or 
course, and not, as might be inferred, because they facilitate 
commerce. 

T]iAF^[8wedish trejfpe, a step.] See pages 49, 60. 

Tbxbutaby— S ee Afflvknt 

TaoFiO— [Or. turning, from ^rspo, I turn.] The tropics aretwo 

circles drawn round Sie earth parallel to the equator at a dis- 
tance of nearly 2.34*’ on each side of dt. At all places situated 
on the northern tropic, called the tropio^of Cancer, the sun is 
vertical at noon on the 2l8t June. At all places on the Southern 
tropic, or tropic of Capricorn, on the 21st December. At all 
places between the tropios, or in the Tropical zone, the sun is 
vertical on two days in each year. But at places beyond the 
tropics it is never vertical. 

Uphkaval>-A geological te^m for the prootss by which certain 
tracts of the eaith's surface are raised to higher levels, 
relatively to those around them ; by which, for instance, a sea 
bottom becomes dry land^or part of a plain is lifted up to form 
a mountain chain. * ^ 

TJPLANDB—High plains, or the gentler slopes pf a hilly country. 

VAPOUit— The gaseous or air-like form of substances which, at ordi- 
nary temperatures, are fluid or solid. 

Vbgbtablb Moi7L]>— Earth containing a considerable proportion 
i' of decayed vegetable matters, such as is found m forests, 
swamps, <co. 

VOLOANO— [Ital. votoaHOf from Lat. Vuleanuif the god of Are.] 
See jpagqs 61, sag. 

Wapi— fAr. widit a valley or low ground.] The ravines and 
valleys of Arabia, most of which are desntnte of water. 

WATBBSBXi>-*-r Water, and Anglo-Saxon masdoa, topartor divide.] 
See page 90, where, howenrer, the assigned denvatUm of the 
seooiid flyllAble is erroneous. 
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Wave— This term is applied to any oscillating (backward and 
forward or up and down) motion, propogat^ through a moss 
of any substance, whether solid, liquid or gaseous* In a water 
wave, such as may be produced by thro^^ang a stone into water, 
the motion of any particle of water to a certain limited depth 
is both up and down, and .at the same time backwards an<l 
forwards ; but it is not carried forward with the wave, which is 
simply the motion transmitted from one particle of w^ator to 
another. In an earthquake, and in that motion of the air 
which causes soun<l, eacli particle of rock or air vibratos very 
rapidly backwards and forwards, each transmitting its motion 
to the next, and (if there bo but a single wave) then coming to 
rest. 

WEATHEBrNO — A geological term expressing the chemical action of 
rest, the atmosijhorc, or more csi>ecially of the C'arbonic acid, 
oxygen and water vapour, on the rocks of the surface, causing 
them to decompose. ^ 

WlNDWAitn— The direction from 'which the wind blows : also 
applied to that face of a hill or mountain on which the wind 
blows. 

ZOCLOOY — [Gr. zonn^ an animal; logosy a discourse.] ThebAunch of 
Natural History which treats of animals, more especially their 
classification, habits and distribution. 
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Boyle’s Materia Medic.^. Wuring’s Tlicrapcutics. 

Barlow’s Practice of Medicine. Bryant’s Practice of Surgery. 

Carpenter. The Microscope. Rs. 10-8, 

Brooke’s Natural Philosophy. Foyrne’s Manual of Chemistry. 

Smith’s Obstetrics. Rs, 7-8. 

Jones’s Ophthalmic Medicine. 

Cliurcliiirs Theory and Practice of Midwifery. Rs. 6-4. 
Cicero Do Sciicctuto. With Translation. By Giles, 

Re. 1, By Long, As. 12. Translation, Rs. 2-8. 

Cicero, Orations in L. Catilmasn, pro L. Murena, pro 

L. Flacco. As. 8. 

Ci&ro Pro Cliientio. By Ramsey. % Re. 1-12. 

Cicero Pro Milone. By Major. As. 8, 

'rraiislutioii. Rs. 2-8 

Cicero’s Extmets. With English Jfotes. By H. Walford. 

Parc I.— Anecdotes fron^Grcck and Roman History. 8vo. As. 12. 
Part IL— Omens and Dreams fBeauties of Nature. 8vo. As. 12. 

Port 111.— Romo's Rule of her Provinces.^ As. 12. 

Three Parts bound in one. Rs. 2-4. 

Cicero’s The Orations against Catiline. By A. S. 

Wilkins. Re. 1-12. 

Civil Service Ortliography. Re. 1-4. 

Clai'ke’s Comparative Grammar. Rs. 3-12. 

Clarke’s Dictionaiy of the English Language. Rs. 2-4. 
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Clarendon Press Series of English Classics : — 

Bacon^s Advancement of liOarnini;. Ba. 2-4. 

Chaucer's Tlie Prolof^ue to the Canterbury Talcs, dec. Be. 1-4, 
Bryden’s Select Poeni-a. Re. 1-12. 

Hooker's Ecclesiastical Polity. Re. 1. 

Milton. By Brown. 2 vols. Ra. 8-4. 

Pope’s Essay on Man. As. 12. 

Pope's Satires and Epistles. Re. 1. 

Shakespeare's— 

Hamlet. As. 12. 

Macbeth. As. 12. 

Merchant of Venice. As. 8. 

Richard II. As. 12. « 

Spenser's Fairy Queen. Books I and II. Each, Rc. 1-4. 

Typical Selections. Rs. 2-4. 

Colenso's Works : — 

Alpfebra for Schools. Part I. 2mo. Rs. 2-4. Key, Rs. 2-8. 
Algebra for Schools. Pkrt H. l2mo. Rs. 3. Key, Rs. 2-8. Key 
to both Parts, in one vol., Rs. 8-12. 

Arithmetic for Schools. l2rao. Rs. 2-4. Key, Rs. 2-8. 

Elements of Alf'chrn. 8vo. Rs. 6-4. 

Plane Trigonometry. Part 1. l2mo. Rc. 1-12. Part. II. 12mo. 
Re. 1-4. Key, Parts 1 and 11, bound together. 12mo. Rs. 4-4. 

Coleridge s Poetical Works. Re. 1-12. 

Collier’s History of th« Biitish Empuu 8vo. Re. 1. 

Questions. As. 4. 

Collier’s History qf the British Empire. Advauced 

Class Book. r2ino. Re. 1-12. 

Comte’s General View of PositivisTii, Rs. 4-4. 

Cook’s First ^ook (if Poetry. 12mo. Ajs. 6. 

Cooke’s Universal Lettcr-writter. # 8vo. As. 8. 
Cornwell’s Geography for Beginners. As. 8. 

Cornwell’s School Geography. Re. 1-12. 

Cowell’s Constitution of Courts in India. Rs. 8. 
Cowell’s Hindoo Law*. 2 Parts. Rs. 20. 

Cowell’s Indian Digest. Second Editioji. Rs. 30. 
Cox’s Manual of Mythology. 8vo. Rs. 2-4. 

Crabbe’s English Synonymes. Rs. 7-8. 

Crabb’s Mythology of all Nations.. 12mo. Re. l-4« 
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Educational Books 


Craik’a English of Shakespeare Illustrated in 

Julias Cscsar” 12mo. Rs. 2*8. 

Craik’s Outlines of the History of the English Lan- 
guage. 12mo. Re. 1-4. 

Oraik’s Pursuit of Knowledge. Rs, 2-8. 

Criminal Procedure Code, Act X of 1872. Rs. 4-8. 

By Knox. 2 vols. Rs. 26. 

By Ncwbery, Rs. 14. 

By Brinsep. Rs. 16. 

Dalgleish’s English Composition. Ro.1-4?. Key, Re. 1-4. 
Dai*ton’s The Earth and its Inhabitants. 8vo. Re. 1-12. 
Davidson’s Linear Drawing. Re. 1. 

Davidson’s Projection. Re. 1. 

D’Ciniz’s Elements of Arithmetic, Theoretical and 

Practical. 8vo. Rs. 2. 

Deschanel’s Natural Philosophy. By Everett. Rs. 9. 
Dickens’s A Child’s History of England. 8vo. Re. 1-12. 
Dictionary Appendix and Guide to Correct Speaking 

and Writing, Rs. 2-8. , 

Dictionary of Every-Day Difficiflties in Reading, Writ- 
ing, ami Speaking. ,Uy Edward Shelton. Ro. 1. 

Donaldson’s Complete Greek Gramuiar. Rs. 8. 
Donaldsons’s Complete Latin Grammar. Rs. 7. 
Douglas’s Priiifiples^of English Grammar. As. 12. 
Douglas’s Progressive English Reader 

First Book. As. 2. I Fourth Book. As. 12. 

Second Book. As. 3. I Fifth Book. Re. 1. 

Third Book. As. 8. | Sij^th Book. Rc. 1-4. 

Douglas’s Gcogi’aphy. As. 8. 

^Douglas’s Spelling ami Dictation Exercises. As. 8. 
Drew’s Geometrical Treatise on Conic Sections. 12mo. 

Rs. 2-8. 

Drew’s Solutions to Geometrical Conics. Rs. 2-4. 
Druitt’s Surgeon’s Vade-Mecum. Rs. 6-4. 

Earle’s The Philology of the English Tongue. 
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Elphinstone’s History of India. By E. B. Cowell. Rs. 9. 
Ellis’s Demonstrations of Anatomy. Rs. 6-4. 

Enfield’s Speaker (The). 12mo. Re. 1-12. 

Erichsen’s Science and Art of Surgery. 2 vols. Rs. 16. 
Eton Greek Grammar. 12mo. Rs. 2. 

Eves’s Classical Spelling Book. As. 12. 

Eves’s School Examiner. As. 12. 

Fawcett s Political Economy. Rs. 5-4. 

Fenwick s Medical Diagnosis. Rs. 3-4. 

Ferguson’s Electricity. Re. 1-12. 

Field’s Law of Evidence. Rs. 14. 

Fielding’s Works. Rs. 7. 

Fink’s Analysis of Reid on the Human Mind. Re. 1-8. 
First Arts Coui*se : 1873, Rs. 3 ; 1874, Rs. 3. 

Fleming’s Student’s Moral Philosophy. Rs. 3-12. 
Fowler’s Elements of Deductive Logic. 8vo. Re. 1-12. 
Fowler’s Elements of Inductive Logic. 8vo. Rs. 3. 
Fowne’s Manual of Elementary Chemistry. Rs. 7-8. 
Freeman’s General Sketch of European History. 

Ke. 1-12. 

Frost & Wolstenliolme’s Treatise on Solid Geometry. 
8vo. Ks. 9. 

Fronde’s Histery of Ifngland. 12 vols. Rs. 36. 
Fronde’s Short Studies on Grea/ Subjects. 2 vols. 

Kfl. 6. 

Fuller on Diseases df the Lungs and Air-Passages. 
Rs. 6-4. 

Gall & Inglis’s School Atlaa of Modem and Ancient* 

Geography. 82 Maps. Re. 1-12. 

Ganot’s Natural Philosophy. Edited bV £. Atkinson. 

Rs. 3-12. 

Ganot’s Treatise on Physici, Experimental andApplied. 

By E. Atkinson. Rs. 7-8. 

B 





Educational Boohs 


Qarrod’s Materia Medica and Therapeutics. Bs. 6-4. 
Geldart’s Modem Greek Language. Rs. 2-4. 

Giles’s English Parsing. Re. 1. 

Girtin’s The House I Live in. Re. 1-4. 


Oleig’s Scries. Each, As. 6. 

Arithmetic. 

AHtronoiny. 

EnffliHli (frammar. 

General Geography. 


Gcograpliy, British Empire. 
History of England. 2 Parts. 
History of India. 
Mensuration. 


Gleig’s Series. Each, As. 8. 

Logarithms. | Navigation. 

Orthographic Projection. 


Globe Scries. Each, Re. 1-12. 


Burns. 

Gowper. 

Drydon. 
Goldsmith. 
Morte d’ Arthur. 


Pope. 

Koiiinson Crusoe. 
Scott. 

Shakespeare. 

Spenser. 


Godfrey’s Astronomy. Rs. 6-4. 

Golden Treasury of Songs and Lyrics. Rs. 2-4. 
Goldsmith’s A Grammar of Gbneral Geography. Bs. 2-8. 
Goldsmith’s Deseyted Village. By W. McLeod. As. 12. 
Goldsmith’s Traveller. By W. McLeod. As. 12. 
Goodeve’s Elements of Mechanism. Re. 1-12. 


Goodevo’s EvjdencfS' Act, 1872. ^ ^.s. 3. 

Ooodevo’s Law of Evidence. Rs. 17. 

Goodwin’s Course of Mathematics. By P. T. Main. 

8vo. Rs. 8. 

Goodwin’s Problems, and Examples, Re. 2-8. Solu- 
tions. 8vo. Ra. 4-8. 

Goodwin’s Elementary Dynamics. 8vo. Ro. 1-8. 
Goodwin’s Elementary Statics. Re. 1-8. 

Gosson’s School of Abuse, 1579. By E. Arber. As. 4. 
Grady’s Manual of Hindu Law. Rs. 10. 

Gndiam’s Book about Words. 8vo. Re. 1-12. 
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Graham’s English Grammar. Rs. 2-4. 

Graham’s English Style. Fcap. 8vo. Rs. 3. 

Graham’s English ; or, The Art of Composition. 12mo. 

Rs. 2-8. 

Graham’s Synonyms. Rs. 3. 

Gray’s Anatomy, Descriptive and Surgical. Re. 14. 
Gray’s Poetical Works. Britisli India Classics. Ro. 1-8. 
Gregory’s Mathematics for Practical Men. Rs. li)-8. 
Green’s Pathology and Morbid Anatomy. Rs. 4-4. 
Griffin’s Elements of Algebra and Trigonometry. 

Re. 1-12. 

Guizot’s History of Civilization* 3 vols. Rs. 5-4. 
Gulliver’s Travels. As. 12. 

Guyot’s Earth and Man. Re. 1. 

Guy’s Forensic Medicine. Rs. 6-4. 

Guy’s Geography for Children. As. 8. 

Hale’s Longer Engli.sh Poenv?. Rs. 2-4. 

Hallam’s Constitutionar History of England. 3 vols. 
Rs. 6. 

• 

Hallam’s History^ of England. Student’s edition. 

Rs. 3-12. 

Hallam’s History of European Litgraturc. 4 vols. Rs. 8. 
Hallam’s Hl^ory of* the Middle Ages. / 3 vols. Rs. (>. 
Hallam’s Middle Ages. Student’^ edition, Rs. 3-12. 
Hamilton & Ball’s Book-ke^>ing. 8vo. Re. 1. 
Hamilton’s Discussions on Philosophy, &c. Rs. 10-8. 
Hamilton’s Lectui'es on Logic. 2 voLs. Rs. 12. 

Hamilton’s Lectures on Metaphysics. 2 vols. 8vo. • 
Rs. 9. 

Harris’s Magnetism. Re. 1-12. 

Haydn’s Dictionary of Dates. Rs. 9. 

Heath’s Practical Anatomy, Rs. 6-4. 
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Edniimtional Books 


Help’s Companions of My Solitude. Rs. 2-4. 

Help’s Essays. Rs. 2-4. 

Henfrey’s Elementary Course of Botany. Rs. 6-4. 
Herschel’s Physical Geography. Rs. 2-8. 

Hiley’s Works : — 

Child’s First Grammar. 18mo. As. 8. 

Klementiiry Geofiprnphy. As. 12. 

Kn;;lisii Grammar abridf^ed. 18ino. As. 14. 

Kn^lish Composition. Part I. 18uio. As. 12. Key, Ro. 1-4. 
English Composition. Part If. 18mo. Re. 1-8. Key, Rs. 2. 
English Composition. Part 111. Rs. 2-4. 

English Exercises. Re. 1-4. 

English Grammar and Style. 12mo. Re. 1-12. 

Progressive Geography. 18mo. Re, 1, 

Hind 8 Introduction to Astronomy. Re. 1-12. 

History in all Ages. Rs. 3-12. 

Historical Course for Schools. Each Re. 1-12. 

^ General Sketch of European History. E. A. Freeman. 

History of England. Edith Thompson. 

Hoblyn’s Dictionary of Terms used in Medicine and 

Collateral Sciences. Rs. 6-4. 

Hooker’s Ecclesiastical Polity. Book I. By R. W. 

Church, M.A. (Clar. Press.) Ke. f, ^ 

Hooper’s Phyfeiician’s Vadc-Mefciirn. Rs. G-4. 

Horace’s Odes. Notes by Young. As, 8. Text and 

Translation, by Gpes. Re. 1-4. Transhitiofi, Rc. 1-12. 

Hughes’s British Geography. 12mo. Re. 1. 

Hunter’s Art of Pris«is Writing. ^ Qe. 1. Key. As. 8. 
Hunter’s Elements of Mensuration. (Qleig’s Series.) 

As. 6. ^ 

Hunter’s Examination Qv^estions on Milton’s Paradise 

Lust, and Shakespeare’s Merchant of Venke. As. 12. 

Hunter’s History of India, from the Earliest Ages. 

As. 12. 

• Hunter’s Paraphrasing and Analysis. 12mo. As. 10. 
Hunter’s Annotated Editions : — 

Bacon’s Advancement of Learning (Sumnuury). As. 12. 

Johnson’s Kasaelas. Kc. 1. 

Milton’s Cumus, 1’ Allegro, and il Penseroso.' As. 12. 

Milton’s Paradise Lost. Books I, II, As. 12 each. Books HI and IV. 
As. 8 each. 
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Huntei' s Annotated Editions : — 

Milton*B Samson A^onistcs and Lycidas. As* 12* 
Speiisor’s Faerv Queen. Ilookl.' Ue 1. 
Suokespcare's Inlays. £acb, As. 8* 


Antony and Cleopatra. 
As You Like It. 
Comedy of Errors* 
Coriolaiius* 

Cymbeline. 

Hamlet. 

Henry IV, Part L 
Henry IV, Part II. 
Henry V. 

Henry VI, Part I. 
Henry VI, Part If. 
Henrv VI, Part 111* 
Henry VIII. 

Julius Coisar. 

Kiiifj: John. 

King lx;ar. 


Macbeth. 

Measure for Measure. 
Merchant of Venice. 

Merry Wives of NVindsor. 

M idsuinmer-NighPs Dream. 
Much Ado about Nothing. 
Othello. 

Kichard II. 

Kichard HI. 

Hoiiico and Juliet. 

Taming of the Shrew. 

The Tempest. 

Troihis and Cressida. 
Twelfth Night. 

Two Centlemcu of Veron.!* 
Winter’s Tale. 


Hutton’s Mathematical Tables. Rs. C. 

Huxley’s Lay Sermons and Addresses. Rs. 3-12. 
Huxley’s Lessons in Elementary Physiology. Rs. 2-4. 
Ihne’s Latin Grammar for JJeginners. 12mo. Re. 1-8. 
Inco & Gilbert’s Outlines of Englisli History. As. 8. 
Ince’s Outlines of General Knowledge. As. 8. 

India; Geography of India. Rc. 1. 

India, Mai)S of, from the latest Surveys by the Sur- 

voyor-Gciierars Otlico. Ab. 8, Ke. 1, an^ lie. 1-4 each, foldhd. 

Irving’s Sk<jfcch B8ok. As. 12. * 

Jelf’s Grammar of the Greelc Language. 2 vols. 

Bs. Id. 

Jevon’s Elemental^ Logic. Re. 1-12. 

Johnson’s Dictionary Modernized. As. 12. 

Johnson’s Lives of the Poets. By Cunningham. 3 vols.* 

Ks. 11-4. 

Johnson’s Rambler. 2 vols. Rs. 5. 


Johnson’s Rasselas. By the Rev. J* Hunter. Izmo. 

Be. 1. 

Johnson’s Works by Murphy. 2 vols. Bs. 7'8- 

b2 





Educational Books 


.Juvenal, Selections, see Selecta Poetica. Translation, 

Rs. 2>8. 

Koightley’s Elementary History of Greece. 12mo. 

He. 1-12. 

Keightley’s Elementaiy History of Romo. 12m(>. 

Uh. 1-12. 


Keith Johnstons Middle Class Atlases. Demy 4ito., 

cloth ; — 

Atlaii of the British Empire. 15 Plates. Re. 1-4. 

Atlas of Physical (Ycoi'niphy. 31 Maps. Ke. 1-4 
^ General Geography. 31 Maps. Re. i-4. 


Keith Johnston’s School Atlases. Imperial 4to., half 

buurul : — 

Atlas of Astronomy. 21 Plates. Rs. fi-4. 

Atlas of (Massical Geography. In 23 Plates. Svo. Rs. B-4. 

Atlas of General and Descriptive Geography. 20 Maps. Rs. 6-4. 
Atlas of Physical Geography. 20 Maps. Its. 0-4. 

Keith JohnatonH Wall-Map.s. Mounted on rollers 

uiVl varnished. Size 50 in. by 42 in. Kach^ Rs. a 
Africa. 


America. 

Asia. 

British Isles. 

On trill ICuropo, 

Eastern lleinisphero. 

Eastern and Wc.stern Homi- 
spliorc. In one Mup.^ 
England. 

Europe. 

Franco. 


India. 

Ireland* 

Italy. 

North America. 

Palestine. 

Scotland. 

Suiifli America. 

The World. Mercator's Projeo- 
tion. 

United Spates. 

Western llcinispliere. 


Kenny’® Classics for Beginners : — 

Cuisar's Coinnicntftrics. First Book. 12ing. dLs. 8. Second and Third 
Books. l2mo. As. 8. • ■ 

Virgil’s ^neid. First lUmk. 12mo. As. 8. Second Book. 12mo. 
As. 8. Third Book. 12nio. As. 8. 

Kerr’s Student’s Blackstone. Rs. 3-12. 


Killick’s Student’s Handbook Mill’s Logic. Ro. 1-12. 
Kirko’s Handbook of Physiology. Rs. 6-4. 

Kumar Sambhava. With Commentary by Mullinatha. 
K8.2. 


Kumai* Sambhava, With Notes by Baneijee. Rs, 2-8. 
Lamb’s Tales from Shakespeare. Re. 1-4. 

Lamb’s The Essays of Elia. Re. 1. 
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Landmarks of Ancient History. 12mo. Rc. 1-4. 
Landmarks of^istoiy : Middle Ages. 12ino. Re. 1-8. 
Lardner s Animal Physiology for Schools. Rc. 1-12. 
Lai*dner s Natui'al Philosophy for Schools. Re. 1-12. 
Latham’s English Grammar. 8vo. Rs. 2-4. 

Latin Texts with Notes : — 

Horace— Ara Poofica ct Kpiatolu*. An, S. 

Virgil — Gcorgica. Re. 1. 

Lawrence’s Lectures on Comparative Anatomy. Rs. 2-8. 
Lempriere’s Clas.sical Dictionaiy. Re. 1-12. 

Lennie’s English Grammar. As. 12\ Key, Re. 1-12. 
Le.ssons on Objects. Rs. 2. 

Lessons on Reasoning. 12mo. As. 12. 

Lethbridge’s History of India for Schools. 18mo. Rs. 2. 
Liddell tfc Scott’s Greek Lexicon Abridged. Rs.<}-I2. 
Lindley’s School Botany. Rs. 2-1 2. 

Little Arthur’s History of Englaml, Re. 1-4. 

Livy. Books I tfo II.# Notes by Young. As. 12. Ox- 
ford Pocket Classics Notes. Rs. 2-4. Translation. R.s. 2-8. 

Lobb’s Analysis of Abercrombie! on the Intellejctual 

Powers. Its. 2-f^. 

Lobb’s Analysis of Abercrombie orftho Moral Feelings. 

Re. 1-12. 

Lobb’s Bik^f ViefW'of Positivism. Ks. 4. 

Lo1)})’s Milton’s ArcopagiticA. ^Rs. 5. 

Lobb’s Questions on Logic and Mental and Moral 

Science. Re. 1. 

Locke’s Essay on the Human Undeirstanding. Rs. 2-8. 
Lockyer’s Elementaiy Les.son8 in Astronomy. Rs. 2-1^. 
Lord’s Modem Europe. Rs. 2-8. 

Lowre’s Comj)anion to English Qrdmmar. Re. 1-12, 
Lowre’s Grammar of Grammars. 12mo. Re. 1-12, 
Lowre’s English Parsing. As. 8. 
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Lucretius^ Do Rerum Natura (Cambridge Text.) 

lU, 1>4. 

LyolFs Student’s Elements of Geology. Rs. 4-8. 
Lyon’s Guide to Indian Law. Rs. 3-8. 

Lyon’s Law of India. 2 vols. Rs. 20. 

Macaulay’s 

Essay on Lord CUvo. As. S. 

Wurrcii Hastings. As. 8. 
f, Hacoii. As. 8. 

„ Bvron. As. 8. 

Oitical and Historical ICssays. Ks. 3. 

History of ]«^nglaiid. 2 vols. Us. 6. 

I..ayH of Ancient Koine. Re. 1*12. 

Milton and Machiavelli. As. 8. 

Miscellaneous Writings. Hs. 2-4. 

Macdonald’s Problems in Dynamics. 8vo. Rs. 2-8. 
Maefarlaue’s History of British India. Rs. 2-8. 
Mackay’s Elements of Mudorii Geography. Re. 1-8. 
Mackay’s Manual of Modern Geography. Rs. 3-12. 
Mackay’s Outlines of Modern Geography. As. 8. 
Macnaghten’s Hindu Law. Rs. 15. 

Macuaghton’s Hindu and Mahoraedfin Law. Rs. 3. 
Maciiaghten’s Mahomedan Law. Rs. 26. 

Macnaiuara’s Manual of the Di.seasd^ of the Eye. 
IN. 6-4. 

Maepherson on Mortgages. Rs. 10. 

Main’s Plano Astronomy. Rs. 2. 

Main s Practical and Spnorical Astronomy. Rs. 7. 
Maine’s Ancient Law. Rs. 6! 

Mangnall’s Historical and Miscellaneous Questions. 

I'huu. Us. 2-8. 

M^rkby’s Elements of Law. Rs. 3-4. 

Mai'kby’s Landed Property in Bengal. Rs. 3. 
Markham’s HistorJ^ of England. Re. 1-4. 

Markham’s History of France. Rs. 2. 

Markham’s History of Germany. Rs. 2. 
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Marlowe’s Works. Rs. 2-8. 

Martial, Selections, see Seketa Poetiea. 

Translation. Rs. 3-12. 

Mathematical Tables: Logarithms of all Number, 

Sines, Tangents, Secants. Rs. 3. 

Matthiao*8 Greek Grammar. Rs. 2-8. 

Maunder’s Biographical Treasury. Revised by W. 

L. R. Cates. Fcap. 8vo. Rs. 3. 

Maunder’s Treasury of Natural History. 8vo. Rs. 3. 
Maunder's Treasury of Botany. Two parts. Ffttp. 

8vo. Rs. fi. 

Maunder’s Treasury of History. Rs. 3. 

Maunder’s Treasury of Geography. Rs. 3. 

Maurice. Moral dnd MctajAysical Philosophy. 2 vols. 

Rs. 12-8. 

Mayors Spelling. ’ 12mo. As. 8. 

Max Muller’s Sanscrit Grammar. Rs. 6-4*. 

Max Muller’s Science of Language. 2 vols. Rs. 8. 
Maxwell’s Theory ^of» Heat. Re. 1-12. 

Mayne’s Medical Vocabulary. Rs. 4-4. 

M’Culloch’s Wiirks:— 

Course of Reading. Illustrated. Re. 1-8. 

First Reading Book. ISnm. As. 2. 

Second Reading Book. IHmo. As^3 
Third Rending 18ino. As. 7 . 

Fourth fteading Book. As. 12. 

Series of Lessons. Tiino. Re 1. 

McLeod’s Mental Arithn^jtic. Parts I & II. As. 8 each. 
Meadow’s Midwifery. Rs. 4-4. 

Meadow’s The Prescriber’s Companion. Re. 1-12. 
Merces’s Book-keeping, by Double Entiy. 8vo. Rs? 5. 
Mill on Liberty. As. 12. 

Mill on Representative Government. As. 14. 

Mill’s Inaugural Address delivered to the University 

of Su Andrews. As. 8. 
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Mill's Political Economy. Rs. 2-8. 

Mill's System of Logic. 2 vols. 8vo. Rs. 12-8. 

Mill’s Examination of Hamilton’s Philosophy. Rs. 8. 
Miller. History philosophically considered, 4 vols. 

Millers Inorganic Chemistry. Rs. 1-12. 

Millctt and Clarke on Insolvency. Rs. 8. 

Millett. Small Cause Court Act. Rs. 5. 

Mi jne-Ed ward’s Manual of Zoology. Rs. 4-8. 

Milton's Areopagitica. A modem Version. With 

NdtCM, Hy S. Lobb. Rs. 5. 

Milton’s Areopagitica. Edited by Edward Arber. 

AA« 4. 

Milton’s Comus, L’Allegro, and Penseroso. With 

Noto-H, Ac. iiy Hunter l2tno. As. 12. 

Miltoif s Paradise Lost. By the Rev. John Hunter, M.A. 

Unoks 1 and H. Each, As. 12. Books III and IV. Each, As. 8. 

Milton’s Poetical Works, Re. 1-12. 

Milton’s Poetical Works. With Notes, &c. ByR. C. 

Brown. 2 vols. (Clarendon Press Series.) Rs. 3-4. 

Milton’s Samson Agonistos, and Lycidas. 12mo. As. 8 
Minto's Manual of J^nglish Prose Literature. Rs. 5-4. 
Moon on the Dean of Canterbury's Queen's English. 

8vo. Re. 1-12. ^ ^ 

Moon’s Bad English Exposed. Re. i-12. 

Morell’s Analysis of Sentences. Re. 1. 

Moi'ell’s Essentials of English Gramnaar and Analysis. 

As. 6. 

Morcll's Grammar of the English Language. With 

« Analysis of Sentences. Re. 1. 

MoreIVs Manual of Spelling. As. 8. 

Morell’s Series of Graduated Exercises. As. 6. 

Moi^ell’s Elements of Psychology. Part I. 12mo« 

K». 5-4. 
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Motley’s Spectator. With Notes, &c. Re. 1-12. 
Monis’s Class Book History of England. Re. 1-12. 
Mon-is’s Specimens of Early English. (A. D. 1230-— 

1400.) PostSvo. Us. ;}-2. 

Moxon's Popular Poets. Cloth gilt Each, Re. 1-12. 


BjTon. 

Longfellow. 

Words worth. 

Scott. 

Shelley. 

Moore. 

(Campbell. 

Pope. 


Hood. 

Ke^ts. 

Ctderidge. 

Hums. 

Tuppor, 

Milton. 

Cow per. 

American Poemfl. 


Murray s EnglLsh Grammar. 2 vols. 8vo. Rs. 10-8. 
Murray’s English Grammar. 8vo. Re. 1-12. 

Murray’s English* Grammar. AhrulgtHl. 18mo. As. 12. 
Murray’s Exercises in English Grammar. Re. J. 


Key, 12mo. Re. 1. 


MutTay’s History of British India. Rs. 3. 


Near Home ; or, The Countries of Europe Described 

Us, 2-4. 

Nelson’s Arithmetic. 8vo. l^c. 1. 

Nelson’s EngVsh Reading Books : — 


Advanced Reader. Re. 1-4. 

New Fourth Borjk. Illustratcfl. As. 8. 

.litnior Reader, 1. As. 10 * 

.liinior^Reader, No. 11. As 12. 

.Itmior Reader, No. III. As. 8. 

Readinfi's from Best Authors. No. 9, As. 2. No. 10, Re. 1. 
Step by Step. Parts 1 and II. As. 2 each. 

Senior Reader. Kc. 1-4. 

Se<iuel to ** Step by Step” As. 3. 

Young Reader. As. 4. 


Nelson’s School Atlas. 21 Maps. Ro. 1-12. 

Nepos, Cornelius. With English Notes by Oscar 

Browning. (Clarendon Press Series.) l!e. 1-4. 

Nesbit’s Practical Mensuration. Rs. 3. 

New School History of England. Rs. 2-8. 
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Newspaper and General Reader’s Companion. Re. 1-4, 
Newton’s Principia. Throe Sections. By John H. 

Kvan8,M.A. (187.1) Rs. 2. 

Nicholson’s Advanced Text-Book of Zoology. Rs. 3. 
Nicholson’s Introductory Text-Book of Zoology. Re. 1-12. 
Nicholson’s Manual of Zoology. Rs. 6-4. 

Niebuhr’s History of Rome. Rs. 3-12. 

Nomenclature of Diseases. Re. 1-12. 

Nn^-tall’s Standard Pronouncing Dictionary. Re. 1-4. 
Obydoolah’s 

ArAfiic Grammar in Urdu. Part 1. As. 8. 

Port If, As. 0. 

Kasy Primer. As. 3. 

First Hook of Heading. As. 4. 

Second ditto. As. 6. 

Sup]dcmcut ditto. As. 6, 

Key to the Arabic Kntrunco Courac for 1869-70. Re. 1-8. 

Olivers First Book of Indian Botany. Rs. 3-4. 
Oliver’s Lesson in Elementary Botany. Rs. 2-4. 
Ogilvie’s Comprehensive English Dictionary. Large 

8vo. Rs. 12-8. ^ 

Ogilvie’s Imperial Dictionary. Imperial 8vo., cloth. 

Ra. 40. 

Ogilvie’s School Dictionary. Ro. 1-12. ^ 

Ogilvio’s Student’s English Dictionary. Rs. 5-4. 

Ogle’s First Teachings abbut the Earth« Rs. 2. 
Oswald’s Dictionary of Etymology. Rs. 2-8. * 

Oswald’s Etymologicsd Manual^ 12mo. As. 8. 

Outlines of the History of England (S.P.C.K.) As. 8. 
Ovid Metamorphoses, see SeUcta Poetica. 

Translation. Rs. 2-8. 

Ovid’s Tristia and Fasti, see SeUcta Poetica. 

Translation. Rs. 2-8. 

Oxford Greek and Latin Classics : — 

Aristophanes. 2 vols. 18mo. Rs. a 
Homert Ilias. 18mo. Re. 1-12. 

Homeri Odyssea. 18mo. Re. 1-8. 
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Oxford Greek and Latin Classics : — 

IIoratiuH. 18ino. lie. 1. . 

Juvenalis et Fcr«>iui«. IGino. As.' 12. 

Livius. Part I. lliioks 1 to Y. 16mo. As. 12. 

Lucaniis. I Kino. lie. 1-4. 

Tacitus. Vol. II. IGiuo. Re. 1-4. 

Tliucydidcs. 2 vols. lAmo. Ils. 2-8. 

Virgilius, 18mo. Re. 1-4. 

Palgravo’s Golden : Songs and Lyricis. Rs. 2-4. 

Parkinsons Elementary Mechanie.s. Rs. 4-12. 
Parkinson’s Optics. Rs. 5-4. 

Payne’s Mental and Moral Science. Rs. 4-4. 

Penal Code — 

Bv M.aync. Rs. 1 5. 

By CVKiiiealy. Rs. 15. 

By Theobald., Rs. 3-8. 

Penal, Criminal, and Police Codes. In 1 vol. Rs. 4. 
Pereira’s Materia Medlca. By Bentley. Rs. 12-8. 
Persian Entrance Course. 

Iqd-i-Gul. ll.s.3. 

Iqd-i-Man 2 iitii. Ks. 2. « 

Peraian Firat Arts Ctuirsc! Re. 1-4. 

Persian B. A. Course. Rs. 2-8. 

PensiiLs, Selections, sec Sdecta Poet lea. 

Translation. R.s. 2-8. * 

Peter Parley’s Universal History on the Basis of Geo- 

graphy. Ks. 3. 

Pharmacciptnia of Lidia. Published by Authority. 

Philips’.s First School Atlas. 24 Maps. As. 8. 
Philip.s’s Initiate^ Atlas for Y oung Learners. 1 2 Map.s . 

As. 4. 

Pope’s Essay on Man. (Clarendon Press.) A.s. 12. 
Pope’s Homer’s Iliad. With Introduction and Notes. 

By the Rev. J. S. Watson. (Bohn.) As. ^-8« 

Pope’s Homer’s Odyssey. With Introduction and Notes. 

By the Rev. J. S. Watson. (Bohn.) Ra. 2-8. 

Pope’s Poetical Works. Globe Edition. Re. 1-12. 

c 
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Pope’s Satires and Epistles. (Clarendon Press.) As. 12* 
Pope’s Text-Book of Indian History. With Maps. 

B*. 4-4. 

Pope’s The Iliad and Odyssey of Homer. (Routledge.) 
Pott’s Euclid’s Elements of Geometry. First Six 

Boolu, and portions of the Eleventh and Twelfth Books. Hvo. Ks. 5, 

Pott’s Six Books of Euclid. With Exercises. Post 

8vo. Us. 2-4. 

Prescott’s Historical Works. Rs. 2-8 each : — 

€iiurlc!.s V. I 

CyonqucHt of Mexico. I Ferdinand and Isabella. 

Oonqnost of Peru. | Phillip II. 

Prinsep’s Criminal Procedure Code, X of 1872, Rs. 16. 
Propertius, Selections, nee Seketa Poetica.^ 

TraiiHlution. U». 2-8. 

Public School Latin Gmmmar. Rs. 3. 

Public School Latin Primer. Re. 1-4. 

Quaiii s Anatomy, General, Descriptive, and Surgical. 

2 voIh. Us. 15-12. t 

Raghuvansa. By Bancrjea. Cantos I to IV, Rs. 2, 
Raghuvansa, With Commentary by Mallinatha. 
Ramsbotham’s Obstetrics. Rs. 11, 

Rawliuson’s Manual t)f Ancient History. Rs. 8. 
Reatling without Tears. Part 1. Re. 1-4. Paii II. 

Ke. 1-12. % 

Regulations an<l Acts * for the Pleadership, B. L. 

Exnmitui lions, and for all Judicial and Uevenuc Kxaminatioiin in Ben- 
pi), N. W. Province:), Punjab, Oudh, and Burmoli. In one vol. 8vo. 

Reid’s Dictionary of the English Ladgu^. Rs. 2-8. 
Reid’s Inquiry into the Human Mind. Re. 1-4. 

AualysiD. By Fink. Ko. 1-8. 

Richardson’s Dictionaiy of the English Language. 

lUustratod by Quotaiioua from the beat Authorities. 2 vola. Hoyal 
4to. Ka. 47-4. 

Biddle’s Manual Scripture Histoiy. Bs. 2. 

Biddle’s Outliacs of Scripture Histoiy. Ba. 1-8. 
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Bijupatha. Parti. As. 6. Part II. As. 8. Pait HI. 

As. 10. 

Ringer's Handbook of Therapeutics. Rs. G-4. 
Robinson's Annotations on the Englisii Literature ef 

the Entrance Course for 1873. He. U8. 

Robinson Crusoe. Globe Edition. Re. 1-12. 


Robertson's Laws of Thought. 8vo. Rs. 6. 

Roget's Thesaurus of English Words and Phrases. 

Us. 5-4. 


Romanized Urdu School Dictionary. Re. 1-8. 

Roorkee Treatise on Civil Engineering. Vols. I and II. 

Ua. 13-1 each. 


Mamitals. 

1. Building Matorials. 

2. Str^n;;tli of Materials. 

4. Kartliwtirk. 

5. Limes, Mortars, and OemunUs. 
f). Cotii*trii(‘tious of Uuildiugs. 

7. Surveyiii{ 5 . 

8. Uoads. 


9. Hrid^cs. 

10. Oari^entiY. 

11. Railways. 

Roscoe’s Elementary tiheinistry, Inorganic and Organic. 

Rs. 2-4. 


Ross's Outlines^ of English Hist/ory. Re. 1-4. 

Routh, Rigid Dynamics. Rs. 7. 

Rowton’s Debater : a Now ^Theory of the Art of 

S]mkin[i^ 8vm. 3. 

Ruddiman’s Rudiments of theS Latin Tongue. By J. 

Hunter. Rs, 1-4. ^ 

Ruskin. Selectioiis from the Writings of John Rusklu. 

With a Portrait. Ra. 3. 


Sallust Catiline. Notes by Watson. As. 8. 

Translation. Ks. 2-8. 

Salmon's Conic Sections. Rs. G. 

Saiidar's Justinian. Rs. 7*8. 

Schmitz's History ^of Greece; founded on TliiiwalL 
l 2 mo. Rfl. 3 -I 2 . 
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Schmitz’s History of Romo, to tho Deatli of Commo- 

das. 12mo. Rs. 3-12. 

Science Primers ; — 

Qeikic's Physical Geoj^raphy. As. 8. 

Koscoe*s Chemistry. As. 8. 

Setwart*8 Physics. As. 8. 

Scott. Notes on Practical Geometry. 

Scott. Notes on Surveying. 

Scott’s Lady of the Lake. With Notes. Rs. 12, 
Scott’s Poetical Works ; — 

^Olandoa Classics. As. 12. | Globe Edition. Re. 1-12. 

Kossetti's Edition. Rc. 1-12. 

Scott’s Waverley Novels. 4vols. Half bound. Rs. 12-8. 
Selccta Poetica Auctorum Latinorum Obscoenitate 

Pur^nta ct notis Illiistrata. Contains Selcctipns from Ovid, Catullus, 
Tibullus, Propertius Martial, Flaccus, Juvenal. Rc. 1-12. 

The Selections adopted by the CalctUta University, 

Shak(Spearo’s Plays. With Explanatory and Illustra- 

live Notes, Critical Remarks, and other Aids. By the Rev. John. 
Hunter. 12mo. As. 8 each. 

As You lake It. Midsummer Nig^hPa Dream. 

Kiiipf John. • Merchant of Venice. 

Ricliard II. ThoaTempest. 

Richard III. Macbeth. 

Henry IV, Part I. Kinj; Lear. 

Henry IV, Part II. Hamlet, 

Henry V. Othello. 

Henry VIII. Winter’s Talc, 

Julius Cn'sur. Romeo and Juliet. 

Coriolanus. Taming of tlie Shrew. 

Antony and Cleopatra. ' Merry Wixes of Windsor. 

Twelfth Night. ’ ^ Cymbelinc. ' 

Shakespeare’s Select Plays. Edited by W. G. Clark 

and W. A. Wright. (Clarenduu PrevS Series) 

Hamlet. As. 12. 

Macbeth. As 12. 

Merchant of Venice. As. 8. 

Richard II. As. 12. 

Shakspeare’s Works. Globe Edition. Re. 1-12. 
Shakespeare’s Works, Life, Glossary, &c. Paper Cover. 

As. 8. 

Shamaclmrn Sircar’s Mahomedan Law. 

Sheridan’s Dramatic Works. Re. 4-12. 
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Sidney’s An Apologie for Poctric, 1695. By Q. Arbcr. 

As. 4. 

Simson’s Elements of Geometry. (Cassell.) As. 8. 
Slater’s Sententim Chronologic^. 12mo. Re. 1-12. 
Smile’s Self-Help. Rs. 3. 

Smith’s (B.arnard) Arithm'^tic and Algebra. Rs. 5-4. 
Smith’s (Barnard) Arithmetic for Schools. 12mo. 

Rs. 2-4. Key, Rs. 4-4. 

Smith’s (Barnard) Shilling Arithmetic, with Answqjs. 

16mo. As. 12. 

Smith’s (Hamblin) Elementary Trigonometry. Rs. 2-i. 
Smith’s Manual of Common Law. Rs. (5-4. 

Smith’s Manual of. Equity. Rs. G. 

Smith’s Plain Geometry. Rs. 4-}* 

Smith & Hall’s Scliool Manual of English Ommmar. 
Re. 1-12. 

Smith & Hall. English-Latin Dictionary. Rs. 10-8. 

Smaller ditto. Re. .^-12. % j 

Smith & Hall’s StujJent’s Latin Grammar. 8vo. Rs. 3. 

Smaller ditto. Rs. 1-12. 

Smith’s Classical Dictionary. 8^o. Rs. 9. 

Smaller ditto. la. 3-12, 

Smith’s Dictionary of Antiquities. Rs. 14. 

Smith’s DictioiR\ry of Classical Biography and My- 
thology. 43 voU. K^. 42. 

Smith’s Dictionary of Classical Geography. 2 vols, 

Rs. 2S. 

Smith’s Initia Grsfcca : — 

Part I. — An Introduction to Greek. 12mo. Rc. 1-12. 

Part 11.— A Rending Rook. Re. 1-12. 

Port 111.— Greek Prose Composition. i2mo. Re. 1-12. 

Smith’s Latin-English Dictionary. Rs. 10-8. 

Smaller ditto. Rs. 3-12. 

Smith’s Latin-English Vocabulary for Beginners. 8vo. 
Re. 1-12. 

Smith’s Primary Histoiy of Britain. Rc. 1-4. 

C2 



30 


Educatiorud Books 


Smith’8 Principia Latina 

Part First Liilin Courae. /'12ino., Kp. 1-12. 

Part II.— A FiTHt Latin Uuadtng Hook. 12ino. Ke. 1-12. 

Part HI.— All Itirroductioti to L^tin Poetry. 12ino. Ke. 1-12. 

Part IV. — Aa Introduction to Latin l^roae Composition. 12mo. 
Ke. 1-12. 


Smith’s Smaller Dictionary of Antiquities. B.s. 3-12. 


Smith’s Smaller Manuals. 

Ancient lliatory. 

Ancient Oeon^aphy. 

History of KnKiand. 

History of Greece. 


Each, Re. 1-12. 

History of Uteraiure. 
History of Home. 
Scripture History. 
Specimens of Literature. 


Smith’s (Syilhoy) Complete Works. Students Edition. 

Ks. 8. 


Smith’s Synonyms and Antonyms. Rs. 2-8. 
Smith’s Synonyms Discriminated. Rs. 
Smollett’s Works, Rs. G-4. 


Siiectator — 

By Mur ley, Re. 1-12. 

British Kssayists. Rs. 1-8. 

Ks.Hays from. Its. 2-8. 

Spencer’s Biology. 2 vols. Rs. l7i 
Spencer’s Education. Rs . 3. 

Spencer’s Essays. 2 vols. Rs. 8. 

Spencer’s First Priiiciitles. Rs. 8. 

Spencer’s Principl is of Pyschology. . .2 vols. Rs. 18. 
Spenser’s Fairie Queen.’ 2 Books (Clarendon Press.) 

Kach Ro. 1-4. 

Spenser’s Poetical Works. Globe Edition. Re. 1-12. 
Sijuirc’s Companion to Phannacopana. Rs. 5-4. 
Stephen’s Blackstoiie’s Commentaries. 4 vols. Rs. 42. 
Stephen’s Evidence Act. With Introduction. Rs. 7-8. 
Stephenson’s Elementary Treatise on Meclianics. 8vo. 

Uh. 2-8. 

Sterne’s Works. Re. 1-12. 

Stewai*t’s Elementary Treatise on Heat. Rs. 3-12. 
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Stewart’s Lessons in Elementary Physics. By Balfour 

Stewart. Ks. 2-4. 

Stcwait’s Modem Geography. 12mo. Re. 1-12. 

Storaionth’s School Dictionary of the English Lan- 

guage. Ke. 1. 

Stomionth’s Etymological Dictionary. Rs. 3-12. 
Story. Equity Jurispi-udeuce. 2 vols. Rs. 31-8, 
Stow’s Training System. Rs. 3. 

Student’s Atlas of Physical Geography. 20 Mans. 

By E. Weller. n». 2-8. ^ 

Student’s Manuals (Muiray’s). Each, Rs. 3-12. 

Ancient Geography. 

Ancient History of t lie East, 
filackstone's Commentaries. 

Constitutional History of England. By Hallam. 

Gibbon. Hisuiry of the Decline and Pull of tbe Boman Empire. 
History of English Literature. 

History of France. 

History of Greece. 

H istory of Homo. 

History of the Middle A^s. By Hallam. 

Hume. A History of Ei%lan^ 

Modern Geogropliy. 

Moral Philosophy. 

New Testament history. 

(Jld 'I'ebtament History. 

Specimens of English LUcratnre. 

The English Language. ^ 

Student’s (The) Greek Grammar. By Dr. Geo. Ciirtius, 

Edited by I>r. Wiyiam Smith, lis, lb 
Smaller ililto. Ue. f-Ti. 

Sulliv^an’s Dictionary of Derivations. 12mo. Re. 1. 
Sullivan’s English Grammar. 1 81110. As. 8. 

Sullivan’s Geography Generalised. 18mo. Re. 1-4. 
Sullivan’s Spelling Book superseded. 18mo. As. 12. 

Tables of Logarithms. (Society for the Diffusion of 

Useful Knowledge.) 12mo. lie. 1. * 

Tacitus, AgiTcola. By Church & Brodribb. Re. 1-12. 

Tacitus Histories. Notes by Brown. Rs.3. 

Traoalation. Bs. 2-8. 
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Tagore Law LccturcH : — • 

1870. Coweirs Hindu T^w. 12. 

1871* Cowcirs Hindu I.aw. Part H. Rs. 8. 

1872. CoweU*8 Courts of Hritish India, hs. 8. 

1878. Shama Churn Sircar’s Maliomcdan Law. 

Tanner on Poison. Re. 1-12. 

Tanner’s Clinical Medicine. Rs. 3-12. 

Tanner’s Diseases of Infancy. Rs. 8. 

Tanner’s Index of Diseases. Rs. 5-4. 

Toner’s Practice of Medicine. 2 vols. Rs. 15-12. 
Tate’s Algebra Made Easy. 12mo. Re. 1-4. 

Tate’s Elements of Mechanism. 12mo. Re. 1-12. 

Tate’s Exercises on Mechanics and Natural Philoso- 
phy. 12mo. Ke. 1. Key, lie. 1-12. 

Tate’s First Principles of Arithmetic. 12mo. Re. 1. 
Tate’fij Principles of Geometry & Mensuration. 12mo. 

lie. 1-12. 

Tawney’s Uttara Ram Chari tra.^ Rc. 1. 

Taylor, Philip Van Arteveldi;. Rs. 2-8. 

Taylor Transmission of Ancient Boviks. Rs. 3-12. 
Taylor’s Manual of Ancient History. Rs. 3-12. 
Taylor’s Manual of Modern History. Rs. 3-12. 
Taylor’s (Colonel) Sludent’s Manual of the History of 

India. Rs. 8-12. r 

Tebay’s Elementary Mcjisuration. 8vo. R'e. 1-12. 
Tennemann’s Manual of History of Philosophy. By 

' Moroll. R8.2-8. 

Theocritus’ Idylls and Epigrams. By Snow. Rs. 2-4. 
Thomson & Tait’s Natural Philosophy. Rs. 4-8. 
Theobald’s Penal Code. Rs. 3-8. 

Theobald’s Acts of Legislative Council, 1834 to 1867. 

5 vols. Half bound. Ra. 25. Acts, 1872. Rs. 8. 

Thompson’s Limitation Act : XIV of 1859 and IX of 

1871. Rs. 12. 

Thring’s English Grammar. Rs. 2-4. 
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Thwaytos’s (R.) Elements \>f Conic Sections troatoJ 

Geometrically. Re. 2-8, \ 

Tibullns, Selection, see Seleeta Poetica. 

Translation, Ks. 2'^. 

Todd’s Student’s Manual. Re. 1. 

Todhunter’s Researches of the Calculus of Variations. 

Rs. 8. 

Todhunter’s Works : — 

Algebra for ne^inners. 12mo. Re. 1-4. Key, Rs. 8-4. 

Algebra for Colleges and Schools. Post 8vo. Rs. 3-12. Key to 
dittOj Rs. 6-4. ^ 

Analytical Statics. Crown 8vo. Rs 5-4. 

Conic Sections. Crown 8vo. Rs. 3-12. 

Differential Calculus. Crown 8vo. Rs. 6-4. 

Differential Rquntinns. Oy G. Boole. Now Kdilioti. By J. Toillinntcr. 

Crown 8vo. Rs. 7. 

Euclid. 18mo. Re.* 1-12. 

Example of Analytical Geometry of Three Dimensions. lU. 2-4. 
Integral Calculus. Crown 8vo. Rs. 6-4. 

Mensuration for Beginners. Rs. 2-4, 

Mechanics for Beginners. Rs. 2-4. 

Plano Trigonometry. 8vo. Its. J-8, 
spherical Trigonoiiictr>^Crown 8vo. Rs. 2-4. 

Theory of Equations. C#wn€vo. Rs. 3-12. 

Trigonometry for Begini]|^rs. i8mo. Re. 1-4. 

Tix 5 nch’s English, ?ast and Present. Rs. 2-4?. 

Trench’s Proveijbs and their Lessons. Re. 1-12. 
Trench’s Select Glossary of Engli/ih Words. Rs. 2-4. 
Trench on the Study of Words. Rs. 2-4. 

Trevors India: an* Historical feketcli. 12ino. Re. 1-12. 
Tumbull’s Analytical Plane Geometry. Rs. G. 

Twisden’s Introduction tb Practical Mechanics. 8vo. 

Rs. 6-4. 

Tyndall’s Lessons in Natural Philosophy. Re. 1-4. 
Typical Selections from the best English Authopi. 

(Clarendon Press.) Ks. 2-4. 

Uebemeg's System of Logic. Rs.. 8. 

Upakramonilm: Sanscrit Grammar in English. By 

Banerjee. Re. 1-8. 

Urdu ]^trance Course, Bs. l-h. 
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Uttaram Charitra, in Sansdit. Re. 2. 

XJttaram Charitra : Translauon by Tawncy. Re. 1, 
Valgy’fJ Latin Delectus. By J. J. WTiite. 12ino. 

Voni Sanhara. By Mullinath. Rs. 2. 

Virgil. With Notes by Conningtqji. 3vols. 8vo. Rs. 20. 
VirgiVs iEtieid. By Kenny. Book I, As. 8. Book II, 

Afl. 8. 

WLlker’s Rhyming Dictionary. Rs. 4. 

Walsh*s Diseases of the Lungs. Rs. 8. 

Wards Outlines of Human Osteology. Rs. 2-8. 
Watson’s Elements of Geometry. Re. 1-12. 

Watson’s Practice of Physic. 2 vols. Rs. 18. 

Watt’s Improvement of the Mind. As. 8. 

Webster’s Illustrated Dictionarj'. Rs. 10-8. In half 

IhisMiu, R8. 15-12. With Appihdix of %oper Nnme, Quotation in 
Greek, tiitin, French, etc., and 50 nagf» of Illustrations, Ks. 16-12 ; 
or in half Russia, Hs. 21. ^ 

Weekly Reporter, 1804 to 1872. * 18 vols,, bound in 

half calf. Each, Hs. 22-8, ^ Annual Subscription, Ks. 36. 

West on the Diseases of Women. Rs. .S. 

West’s Diseases of Infancy and Childliood. Rs. 8. 
Whately’s Elements of Iiogic. 8vo. Rs. 2-4. 
Whately’s Elements of Rhetoric. 8vo. Rs.‘2-4. 
Whcwell’s Conic Sections. Re. 1-4. 

White’s Latiii-English Dictionary. Rs. 3-12. 

White’s Latin Grammar, Part I. 12mo. Re. 1-4. 
William’s Sanscrit Dictionary. Rs. 47-4. 

William’s £^^it Manual. Rs. 3-12. 

Williamson’s Chemistry for Students. Rs. 4-4. 

Wilhnot’s (E.) Elementary Treatise on Plano Tiigono- 
metiy. Ka. 2-12. 

Willson, Treatise on Mechanics. 
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"Wilson’s Anaiomy. Rs. G-V 
Wood 8 Algebra. By Lund^ Ra. C-^ 

Companion to Wood\ Algebra. LmiuI. Ke. 8-12. 

Worcesters Dictionary of the English Language. 

Koval 4to. Ka. 15-12. 

Wordsworth's Poetical Works. Re. 1-12. 

Wright’s Help to Latin Oranimar. Rs. 2-4>. 

Wright’s A Greek and English Lexicon. Rs. 2-4». 
Wright. First Latin Stops. Rs. 2-8. 

Wrigley’s Exiuoples and Problems. Rs. 4-4*. 

Conipaiiion. 8vo. Km. G. 

Xenophon’s Cyropo^dia. By Gorham. Rs. 3. 

Yonge’s EnglLsh-Latin Dictionary. Rs. 3-12. 

Youge’s TiireeC.Vuturies of Moth^rn History Ils 3-12. 
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